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Understanding  and  Interpreting  Seabed  Drifter  (SBD)  Data  (TR  DRP-94-I) 


ISSUE:  With  growing  concern  for 
environmental  quality  and  the  increased 
recognition  of  the  importance  of  coastal  areas, 
it  is  vital  that  measurements  and 
understanding  of  coastal  processes  be 
improved.  Instruments  like  the 
electromagnetic  and  broad-band  acoustic 
doppler  current  meters  have  improved  the 
precision  of  current  measurements.  Pressure 
gage  arrays  effectively  measure  directional 
wave  spectra.  Increased  public  concern  for 
the  environment  also  permits  better  data 
collection  at  the  low  end  of  the  technology 
scale.  An  example  is  the  voluntary  return  of 
inexpensive  drogues  known  as  seabed  drifters 
(SBD’s)  that  can  be  used  to  map  current 
patterns. 

RESEARCH:  The  study  was  sponsored  by 
the  Dredging  Research  Program’s  (DRP) 
“Field  Techniques  and  Data  Analysis”  work 
unit  to  show  how  data  obtained  from  SBD 
studies  could  be  better  understood  in  terms  of 
the  dominant  coastal  processes  and  how  the 
results  could  be  used  to  increase  benefits 
associated  with  properly  located  dredged 
material  placement  sites. 


SUMMARY:  Proper  design  of  a  SBD  study 
should  begin  by  using  existing  field  data  and 
simple  models  to  decide  where,  when,  and 
how  many  SBDs  should  be  released  based  on 
the  study  objectives  and  regional  site 
conditions.  Once  sufficient  return  data  are 
obtained,  seasonal  and  spatial  variations  in 
current  patterns  can  be  investigated  using 
techniques  explained  here.  Because  SBD’s 
are  released  repeatedly  in  large  numbers,  they 
provide  information  about  not  only  mean 
currents,  but  the  degree  of  spread  or  random 
dispersion  that  can  be  so  important  in  the  fate 
of  materials  scattered  even  when  mean 
currents  are  negligible.  Data  analysis 
techniques  proposed  here  are  illustrated  with 
real  SBD  data  from  the  Gulf  and  Atlantic 
coasts. 

AVAILABILITY  OF  REPORT:  The  report 
is  available  through  the  Interlibrary  Loan 
Service  from  the  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES) 
Library,  telephone  number  (601)  634-2355. 
National  Technical  Information  Service  report 
numbers  may  be  requested  from  WES 
Librarians.  To  purchase  a  copy  of  the  repopt, 
call  NTIS  at  (703)  487-4780. 
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For  further  information  on  this  report  or  on  the  Dredging 
Research  Program,  contact  Mr.  E.  Clark  McNair,  Jr.,  Program 
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Conversion  Factors,  Non-SI  to 
SI  Units  of  Measurement 


Nm-SI  units  of  measurement  used  in  this  repoit  can  be  convened  to  SI  units 
as  follows: 


1  Multiply 

By 

To  Obtain 

1  dugiuM  (anglu) 

0.01745329 

rattans 

1  ***< 

0.3048 

molsn 

1  inchM 

0.02S4 

motsrs 

1  m«M  (U.S.  nautical) 

1.852 

Kiomalars 

1  mlas  (U.S.  statula) 

1.609347 

kiiomalsrs 

1  pounds  (mass) 

453.5924 

prams 

Summary 


Scientists  and  oigineeis  have  made  cmsideraUe  progress  in  measurement 
and  prediction  of  the  fate  of  materials  moving  in  coastal  and  ocean  waters. 

The  U.S.  Army  Corps  of  Engineers  has  participated  in  these  advances  and  is 
^rplying  the  results  to  better  manage  materials  dredged  from  our  nation’s 
waterways.  Growing  concern  over  environmental  degradation  and  the  impor¬ 
tance  of  conserving  coastal  resources  demands  continued  improvement  in 
understanding  coastal  circulation  systems  and  the  impacts  of  dredging.  Com¬ 
prehensive  management  strives  to  increase  the  beneficial  uses  of  the  dredged 
material  Choosing  the  best  use  often  requires  understanding  the  long-term 
fate  of  material  moving  in  tiie  open  ocean.  Some  recently  developed  tools  that 
help  expand  understanding  of  sediment  fate  include  improved  monitoring  guid¬ 
ance,  better  wave  and  current  sensors,  physical  models,  and  numerical  simula¬ 
tions.  Electromagnetic  and  dopfder  current  meters,  as  weU  as  acoustic  arrd 
(^cal  sediment  concentration  meters,  are  examples  of  sophisticated  new  field 
equipment  that  helps  fill  data  needs.  Unfortunately,  ttiere  are  still  many  areas 
around  the  country  where  basic  data  are  inadequate  to  properly  assess  risks  and 
(^rportunities  associated  with  the  use  of  dredged  material. 

With  greater  public  involvement  in  environmental  issues,  an  opportunity 
also  exists  to  collect  more  data  at  the  low  end  of  the  technology  spectrum. 
Voluntary  return  of  inexpensive  drogues,  released  repeatedly  in  large  numbers, 
he^rs  mtq)  current  patterns.  Current-following  drogues  termed  “seabed 
drifters”  (SBD’s)  have  been  used  in  oceanogra(4uc  studies  worldwide  for 
decades.  The  purpose  of  ttiis  report  is  to  inve^gate  how  SBD  results  might 
be  better  interpreted  in  terms  of  the  likely  fate  of  materials  moving  with 
coastal  waters.  Use  of  SBD’s  can  not  only  help  schedule  and  locate  dredged 
material  disposal  at  sites  that  increase  secondary  benefits,  but  also  could  help 
position  ocean  outfalls,  ideiMify  coastal  mixing  scales,  reduce  tiie  potential  for 
damaging  toxic  spills,  confirm  hydrodyruunic  models,  and  clarify  the  impact  of 
different  engineering  altenutives  on  [dankton  distributions. 

The  usefulness  of  SBD  data  can  be  increased  by  designing  the  SBD  release 
plan  to  fit  the  i^iysical  processes  relevant  for  specific  problems.  This  report 
provides  the  methodology.  An  overview  covers  all  the  potentially  important 
tran^rt  mechanisms.  Simple  parametric  models  are  described  for  estimating 
\riii(^  mechanisms  are  likely  to  dcmiinate  in  different  coastal  areas.  The 


imderstanding  of  the  dominant  processes  provided  will  help  guide  the  SBD 
release  plan. 

In  addition,  new  technitpms  are  given  for  understanding  SBD  recovery 
patterns.  Separation  of  different  scales  of  motion  indicates  which  analysis 
procedures  are  most  appropriate  (e.g.,  different  sample  stratifications  and  tem¬ 
poral  smoothing).  Procedures  are  established  for  resolving  a  deterministic  and 
a  random  component  of  flow  from  the  dispersion  of  bundles  of  SBD’s.  The 
relttrve  importance  of  mean  and  random  components  can  vary  widely  and  is 
valuable  for  ex{dairung  transport  variations  aird  the  likely  spread  of  material 
from  different  areas  and  at  different  times.  The  analysis  techniques  are  illus¬ 
trated  using  extensive  data  collected  from  one  area  in  the  Gulf  of  Mexico  and 
arMHher  on  the  East  Coast  Qmclusions  are  validated  by  comparing  these  SBD 
inter[Metations  with  other  measurements  and  model  results. 

The  guidance  presented  in  this  rqnrt  should  increase  the  usefulness  of 
obtained  using  standard  SBD's.  Recommendations  are  also  given  to  improve 
SBD’s  particularly  for  the  study  of  coastal  sediment  movements. 


1  Introduction 


Background 

For  many  yeais  engineers  and  scientists  have  been  searching  for  an  effec¬ 
tive,  relatively  inejqwnsive  means  of  determining  the  fate  of  materials  jdaced 
in  the  coastal  and  offshore  environment  Vi^th  die  growing  concern  abwt 
environmental  degradation  related  to  man’s  activities  and  the  increased  recog¬ 
nition  of  the  importance  of  the  coastal  and  offshore  region  to  global-scale  eco¬ 
systems,  the  need  for  improved  informatkm  in  these  areas  has  become  vital. 
Many  tools  for  predictmg  die  fate  of  materials  have  evolved  dirou^  the  years. 
These  include  sophisticated  instrumentation,  numerical  models,  and  long-term 
databases.  All  of  these  tools  can  play  a  role  in  the  assessment  of  potential 
proUems  related  to  the  idacement  of  materials  offshore;  however,  in  many 
areas  around  the  United  Stales,  sufficient  information  required  to  evaluate 
possiUe  hazards  dearly  and  quantitatively  still  does  not  exist  To  meet  one 
aspea  of  this  need,  researchers  have  been  using  various  types  of  in  situ  drifters 
to  follow  die  motions  of  die  near-bottom  water  colurrm.  In  particular,  current¬ 
following  drogues  termed  “seabed  drifters”  (SBD’s)  have  bcm  used  exten- 
sivdy  to  gadier  data  on  bottom  water  motions.  TaUe  1  shows  a  list  of  a 
mimter  of  sudi  studies  that  have  been  conducted  around  die  world  (Harxls 
1987). 


Purpose 

The  purpose  of  diis  report  is  to  invedigate  how  data  obtained  from  routine 
SBD  recoveries  might  be  interpreted  and  understood  in  a  fashion  that  leads  to 
an  improved  assessments  of  the  fate  of  materials  in  the  open  ocean.  Such 
information  is  valuaUe  for  guidance  pertaining  to: 

a.  The  location  of  outfall  sites. 

b.  The  fate  of  dredged  materials. 


wfMpwf  1  miuuiiciofi 


ronological  Listing  of  SBD  Information  from  Partial  Ravleiir  of  tha  Utaraturs 


Chaptor  1  inaoduclion 


Table  1  (Concluded) 


Chaplir  1  Mraduclion 
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'  U^.  Aimy  Engiiwer  Dittrict,  Savannah.  (1983).  Rka  on  inveidgationa  of  Savannah  and  Bninawick  Harixir  Di^naal  Sites  (unpubUihed).  Citatkmt  for 
puUished  reports  sre  in  References  section  of  this  report. 


c.  Dedsion-iiuldng  related  to  ojEfsfaore  conUminants  (oil  spills,  toxic 
wastes,  etc.). 

<L  Undeistanding  and  modelling  tranqxHt  and  mixing  processes  in  coastal 
and  ofiEshore  areas. 

e.  Confinnation  of  hydrodynamic  models. 

Previously,  infonnation  on  SBD  recovery  patterns  has  been  used  primarily  in  a 
“stand-aim”  fashion  to  derive  empirical  estimates  of  the  evereual  spatial 
dispersion  of  SBD*s  released  firom  one  or  several  statims.  This  rqwit  will 
show  that  the  understanding  of  SBD  recovoy  data  can  be  enhanced  by  view¬ 
ing  the  data  within  the  context  of  the  relevant  physical  processes  and  by 
including  information  from  simple  parametric  models  of  die  dominant  pro¬ 
cesses.  The  principal  data  set  which  will  be  examined  in  diis  study  is  based 
(Ml  SBD  releases  made  off  the  Alabama  coast  in  the  vicinity  of  several  recently 
constructed,  dredged  material  berms  (i^gure  1).  Hands  and  Bradley  (1990) 
discussed  recovery  data  from  die  first  9  release  qiisodes.  Releases  condruie 
periodically  at  this  Nadcuial  Berm  Demonstradon  site  and  the  SBD  recovery 
infoimadon  now  seems  reasonaUy  comid^  for  the  first  19  release  episodes. 
These  r^urns,  covering  a  two-year  period,  will  be  used  to  illustrate  methods  of 
interpreting  SBD  results.  While  site-specific  analyses  of  processes,  scales  of 
processes,  and  available  data  focus  on  the  Mobile  Bay  area,  an  attempt  will  be 
made  to  remain  as  general  as  possilde. 


Organization  of  Report 

Several  processes  may  be  operadve  in  the  off^re  and  coastal  area  and  act 
as  forcing  fioictions  for  the  observed  SBD  motions.  In  general,  rally  the  loca¬ 
tions  of  die  initial  release  site  and  die  recovery  site  are  known,  and  nothing  is 
usually  noted  of  die  actual  path  taken  by  an  SBD  between  the  two  locations. 
Consra]uendy,  the  analysis  should  concentrate  on  processes  at  the  spatial  and 
tempoiid  scales  rqiiesaited  in  the  recovery  data.  Since  recoveries  from  most 
experiments  demraistrate  motions  rai  die  scale  of  miles  and  days,  consideration 
of  microscale,  convective-scale,  and  mesoscale  phenomena  is  needed  only  to 
the  extent  that  they  contribute  to  a  net  circulation;  however,  their  effect  is 
c^ituied  as  a  scatter  in  data.  A  measure  of  this  apparently  randran  cranpraient 
of  motion  will  be  defined  to  quantify  the  magnitude  of  the  net  effects  of  the 
smaUra  scale  processes. 

In  order  to  address  the  several  processes  that  may  be  moving  the  SBD’s, 
this  tq»rt  is  organized  as  follows: 

a.  CSuqiter  2  —  Description  of  the  generalized  (Mocesses  which  might 
influence  SBD  motions,  including  a  scale  arialysis  of  the  expected  mag¬ 
nitudes  of  projected  motions. 
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CtiaplM^  1  IruroducSon 


Chaptar  1  Introduction 


6.  Oiapiar  3  —  Results  of  some  simple  modelling  to  quantity  the 
dominant  piooesses  at  inteivals  Sowing  die  lelea^. 

c.  Chapter  4  —  Analysis  of  the  SBD  data  using  temporal  and  spatial  strati- 
fica^  to  clarify  certain  process-response  relationships. 

d.  Ouqiter  5  —  Identification  md  quarttificadon  of  random  and  determinis¬ 
tic  components  in  the  SBD  patterns  and  their  rdadonship  to  rqiprc^ate 
drivirig  forces. 

e.  Cluqiter  6  —  Discussion  and  cmiclusion  sections  which  address  the 
mr^  findings. 

Appendix  A,  contained  in  this  volume,  gives  a  theoredcsd  basis  for  the 
equation  used  to  estimate  coastal  currents  driven  by  open  coast  waves.  Appen¬ 
dix  B,  also  contained  in  this  volume,  is  a  listing  of  symbcds  and  abbreviations 
used  in  die  report  Appendices  C  through  E  are  cmitained  in  a  sqiarate  vol¬ 
ume,  which  may  be  obtained  from  the  U.S.  Army  Engineer  Waterways  Experi¬ 
ment  Station  or  the  National  Tectuucal  Information  Service.  Appendices  C 
and  D  contain  time  series  of  hindcast  waves  and  currents,  and  Appendix  E 
shows  graphical  representations  of  smoothed  recovery  patterns.  Appendix  F 
shows  die  gr^ihic  results  of  a  contingency  analysis  of  relative  wind  and  wave 
effects  on  SBD  dis|dacement  for  eadi  of  the  19  episodes. 


Chapiw  1  InIroducSon 


2  Analysis  of  Processes 
Affecting  SBD  Motions 


Befine  beginning  the  treatment  of  various  piocesses  that  can  affect 
synoptic-scale  and  large-scale  motions  of  the  SBD*s  (i.e.,  process  scales  in 
miles  and  days  consistent  with  the  recovery  ptdtenis).  it  is  instructive  to  exam¬ 
ine  the  local  forces  on  die  SBD‘s.  Figure  2  shows  a  typical  SBD,  along  with  a 
diagram  of  the  forces  acting  on  it  Also  shown  is  a  *^owup”  diagram  of  sedi¬ 
ment  particles  and  the  relevant  forces.  Since  wei^its  can  be  added  to  or  sub¬ 
tracted  from  the  SBD,  die  specific  weight  of  die  SBD  can  be  made  to  matdi 
that  of  a  sediment  pattide;  therefore,  buoyancy  and  related  effects  could  be 
made  comparable.  However,  two  fundaniental  differences  are  immediatdy 
apparent  in  Figure  2.  First,  the  surface  area  of  the  cap  of  the  SBD  is  about 
three  orders  of  magnitude  greater  dian  that  of  a  sediment  particle;  dierefore, 
the  total  drag  acting  on  the  SBD  is  certainly  mudi  greater  dum  that  acting  on  a 
single  sediment  particle.  Second,  and  prol^y  more  important,  the  domirumt 
forces  acting  on  the  SBD  are  erqiected  to  be  located  at  its  region  of  maximum 
surface  area,  which  is  located  about  0.5  m  drove  the  bottom.  For  sediment 
particles,  die  dominant  fixees  would  be  located  at  the  0.005Hn  level,  assuming 
even  a  ‘large**  1-cm  pattide.  Thus,  die  forces  acting  on  the  SBD  are  primarily 
outside  the  bottom  boundary  layer,  nriiereas,  the  forces  acting  on  a  sedimem 
particle  occur  within  the  bottom  boundary  layer,  hi  particular,  the  vertical 
velocities  and  accelerations  should  be  markedly  different  between  die  two 
levels.  At  die  levd,  wave  motimis  shoi^  still  contain  a  significant 
vertical  component;  whereas,  at  the  0.005^  levd  these  motions  should  be 
entirdy  negligible.  Hence,  die  ratio  of  restrainiiig  drag  (wtiidi  is  located  oiily 
at  die  small  bottom  of  the  stem  of  the  SBD)  to  the  forcing  drag  should  be 
extreoMly  different  between  die  SBD  and  sediment  motions.  For  this  reason, 
the  motions  of  the  SBD’s.  as  currendy  designed,  should  probably  be  regarded 
as  more  indicative  of  motions  of  materials  suspended  in  the  near-bottom  water 
cdumn  than  of  actual  bottom  materials.  Hands  and  SoUitt  (in  preparatimi) 
discuss  adjusting  the  wd^  of  die  ballast  on  die  SBD  stem  so  that  the  SBD 
does  not  begin  moving  until  currents  are  intense  enough  to  suqiend  specific 
grain  sizes. 


CtMplwZ  Anelyite of  Pnem$m  AIMng  SBD  MoUow 
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Description  of  Processes 

In  general,  the  six  types  of  processes  that  can  be  found  to  force  the 
motions  of  SBD’s  in  coastal  areas  are; 


a.  Gravity-driven  flows  in  two-layer  systems. 

b.  Riverflows. 

c.  Waves. 

d.  Astronomical  tides. 

e.  Wind-driven  currents. 

/  Large-scale  ocean  circulation  patterns. 

According  to  Pape  and  Garvine  (1982),  even  in  partially-mixed  estuaries 
the  role  of  a  gravity-driven  flow  can  be  very  important  in  controlling  the 
motions  of  near-bottom  water.  This  type  of  flow  tends  to  take  near-bottom 
water  from  offshore  areas  and  bring  it  into  large  bays.  In  Figure  3,  Pape  and 
Garvine  show  that  this  flow  pattern  is  well  established  in  the  Delaware  Bay 
area,  with  SBD  released  offshore  ending  up  in  the  Bay.  Apparent  trajectories 
extend  from  the  release  sites  (numbered  points)  to  the  recovery  sites. 
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Chapter  2  Arralysis  of  Processes  Affecting  SBD  Motions 


Figure  3.  Apparent  trajectories  of  SBD's  in  November  in  Delaware  Bay 
region  (Pape  and  Garvine  1 982) 


Inside  estuaries  the  effects  of  riverflows  can  be  important.  Consideration 
of  mass  fluxes  shows  that  the  velocities  will  tend  to  be  highest  in  the  more 
constricted  portions  of  the  estuaries  and  will  become  lower  as  the  cross- 
sectional  area  available  to  acconunodate  the  flow  becomes  larger.  Once 
beyond  the  mouth  of  the  bay  or  inlet  into  the  offshore  region,  the  available 
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Figure  4.  Schematic  diagram  of  river-driven  currents  in  coastal  areas 

cross-sectional  area  should  scale  in  proportion  to  the  radial  distance  outward 
from  the  mouth  as  seen  in  Figure  4.  llius,  the  water  motions  in  offshore 
areas  which  are  driven  by  riverflows  are  in  general  expected  to  be  small.  The 
formation  of  “jets”  can  sometimes  extend  significant  flow  velocities  well 
offshore,  but  these  high  velocities  are  typically  restricted  to  surface  waters  and 
do  not  extend  into  die  near-bottom  water  column. 

Wind-generated  surface  waves  have  long  been  recognized  as  playing  a 
major  role  in  the  transport  and  dispersion  of  materials  in  the  coastal  and  off¬ 
shore  environments.  Outside  the  surf  zone  the  near-bottom  orbital  velocities 
are  important  for  initiating  motions  of  bottom  materials.  In  instances  where 
the  mean  currents  are  not  sufficiently  strong  to  exceed  the  threshold  for 
initiating  motion,  waves  can  nevertheless  induce  a  significant  transport  of 
materials.  The  actual  mean  current  generated  by  the  waves  themselves,  the 
so-called  mass  transport  velocity,  is  typically  about  two  orders  of  magnitude 
lower  than  the  orbital  velocities,  since  it  relates  to  a  higher-order  nonlinear 
interaction  with  the  bottom  boundary  layer.  Once  waves  begin  to  break  close 
to  the  coast,  they  begin  to  contribute  to  large  net  motions  via  a  radiation  stress 
mechanism.  This  effect  leads  to  wave  setup  and  longshore  currents  inside  the 
surf  zone.  Figure  5  diagrams  mass  transport  and  longshore  currents  for  a 
hypothetical  coastal  area. 

Astronomical  tides  drive  large  currents  under  certain  conditions.  Because 
tides  are  governed  by  “longwave”  equations,  tidal  currents  extend  into  the 
near-bottom  and  can  create  significant  velocities  in  that  region.  In  general, 
however,  the  highest  tidally-driven  velocities  occur  in  restricted  passes  joining 
bays,  sounds,  and  large  estuaries  to  the  ocean,  as  can  be  seen  by  examining 
the  tidal  current  vectors  for  the  Mississippi  Sound  area  shown  in  Figure  6. 
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Figure  5.  Schematic  diagram  of  two  types  of  wave-driven  currents  in 
coastal  areas 


Wind-driven  currents  can  represent  an  extremely  complicated  process  in 
areas  where  there  is  significant  thermal  or  salinity  stratification.  In  most  near¬ 
coastal  areas,  however,  the  higher  velocities  (which  are  most  likely  the  veloci¬ 
ties  considered  important  for  material  transports  and  dispersion)  are  related  to 
wind  events  that  force  the  entire  water  column  to  be  mixed  down  to  depths  of 
30  to  40  m.  Hence,  predicting  the  fate  of  materials  in  the  coastal  environment 
is  sometimes  possible  using  a  fairly  simple,  single-layer  model.  As  shown  by 
Murray  (1975)  via  theoretical  and  empirical  means,  these  wind-driven  coastal 
currents  tend  to  flow  parallel  to  the  coast  in  almost  a  slab-like  fashion 
(Figure  7). 

On  a  global  scale,  physical  processes  are  driven  by  differences  in  water 
temperatures  and  salinities.  These  density-driven  currents  attain  a  quasi¬ 
balance  with  Coriolis  accelerations  and  can  create  large  regions  of  high 
currents,  such  as  the  Gulfstream  and  Humboldt  Currents.  In  Figure  8,  which 
presents  a  cross-sectional  diagram  of  currents  for  a  transect  across  the  Gulf  of 
Mexico,  these  large-scale  currents  tend  to  be  largest  in  organized  “jets”  that 
may  be  thousands  of  feet  thick  and  have  current  maxima  located  well  off  the 
coast  (typically  40  to  100  miles  from  shore). 
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Figure  6.  Cotidal  chart  of  the  partial  water  level  tide  (a)  and  current  (b); 
— ,  Isopleths  of  Greenwich  phase,  G(®);  Isopleths  of 
amplitude,  H(cm).  Arrow  length  represents  surface  major  axis 
current  amplitude,  and  orientation  gives  direction  at  maximum 
flood  tide  (Seim,  Kjerfve,  and  Sneed  1 987) 
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Figure  8. 


Velocity  profile  for  a  section  across  the  Gulf  of  Mexico  from  the  Florida 
panhandle  to  Yucatan  (Hofmann  and  Worley  1 986) 
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Scales  of  Processes 


Because  the  scales  of  physical  processes  are  site-specific,  attention  in  this 
section  is  directed  to  processes  in  the  Gulf  of  Mexico  where  coastal  SBD  data 
are  most  extensive. 


Gravity-driven  two-layer  flows 

As  noted  in  Figure  3,  the  flow  pattern  associated  with  the  type  of  two-layer 
flow  found  in  some  areas  can  extend  30  kilometers  offshore  or  more.  From 
the  study  by  Pape  and  Garvine  (1982),  typical  near-bottom,  ocean  velocity 
scales  are  of  the  order  of  10  cm/sec. 


Riverflows 

Inside  large  estuaries,  the  cross-sectional  area  is  usually  sufficient  to  reduce 
fluvially-driven  velocities  to  only  a  small  percentage  of  their  values  in  strictly 
riverine  areas.  Typical  near-bottom  velocities  inside  the  estuary  are  on  the 
order  of  1-5  cm/sec.  Once  offshore,  the  near-bottom  flows  due  to  river 
forcing  are  typically  less  than  1  cm/sec.  In  the  area  off  Mobile  Bay,  it  is 
expected  that  near-bottom  currents  due  to  riverflows  should  be  negligible. 
Inside  Mobile  Bay,  currents  during  periods  of  major  flooding  may  become  of 
some  significance  but  probably  do  not  contribute  much  to  the  overall  transport 
of  bed  materials  inside  the  Bay  because  of  their  limited  duration. 


Wave-induced  currents 

As  discussed  previously,  wave-induced  currents  can  be  separated  into  mass 
transport  currents  and  longshore  currents.  Outside  the  surf  zone  the  general 
mass  transport  velocities  are  on  the  order  of  only  1  cm/sec  or  so.  Because  the 
mass  transport  is  related  to  rather  weak  nonlinear  interactions  between  the 
waves  and  the  bottom,  it  is  not  possible  for  these  currents  to  become  much 
larger  than  about  3  percent  of  the  orbital  velocities.  Inside  the  surf  zone, 
which  extends  only  to  depths  equal  to  about  the  incident  wave  height  (typically 
only  SO  to  100  m  from  the  coast,  except  during  storms),  the  currents  usually 
range  from  10-40  cm/sec.  However,  during  storms  the  spatial  extent  of  the 
surf  zone  may  extend  as  much  as  a  kilometer  (km)  off  the  coast,  and  the 
velocities  can  reach  100-200  cm/sec.  Hence,  inside  the  surf  zone,  the  wave- 
driven  (longshore)  currents  can  be  seen  to  be  the  dominant  mechanism  for 
transporting  materials;  whereas,  beyond  the  surf  zone,  mean  wave-driven 
currents  can  typically  be  neglected. 
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Astronomical  tides 


Tidal  currents  vary  in  magnitude  and  direction  during  each  tidal  phase. 
Near  inlt^  and  other  constricted  passes  between  large  embayments  and  the 
open  ocean,  tidally-driven  currents  can  attain  high  velocities,  on  the  order  of 
300-500  cm/sec,  in  extreme  cases.  More  typical  speeds  in  such  constrictions 
range  from  20-50  cm/sec  as  seen  in  Figure  6.  In  Ae  offshore  area,  tidally- 
driven  near-bottom  speeds  tend  to  be  considerably  lower  than  in  constricted 
flow  regions,  typically  only  about  5-15  cm/sec  in  the  Mobile  Bay  region. 
Figure  9  shows  that  the  diurnal  tidal  velocities  on  the  Alabama  shelf  are  in 
this  range. 


Wind-driven  currents 

As  shown  by  Pickett  and  Bums  (1988)  in  Figure  10,  several  current 
measurements  have  been  taken  in  an  area  about  75  km  east  of  our  primary 
region  of  interest.  Because  the  bottom  materials  are  roughly  comparable  and 
the  offshore  slopes  are  similar,  the  currents  in  the  Mobile  Bay  offshore  area 
should  respond  similarly  to  currents  depicted  in  these  measurements.  Pickett 
and  Bums  (1988)  concluded  that  the  primary  offshore  currents  were,  in  fact, 
driven  by  wind  forcing  (roughly  accounting  for  90  percent  or  more  of  the  total 
currents).  Figure  11  from  their  study  shows  that  these  currents  can  attain 
speeds  in  the  30-60-cm/sec  range.  Consequently,  these  currents  should  play 
an  important  role  in  transporting  suspended  materials  in  offshore  areas  in 
depths  out  to  about  30  m  or  so  (about  10-20  miles  offshore). 


Large-scale  circulation  patterns 

As  previously  seen  in  Figure  8,  large-scale  currents  in  the  Gulf  of  Mexico 
contain  regions  where  average  speeds  are  greater  than  50  cm/sec.  However, 
in  the  Mobile  Bay  area,  the  spe^  of  the  net  circulation  is  less  than  5  cm/sec. 
Thus,  for  the  Alabama  coastal  region  large-scale  thermal  circulation  can  likely 
be  neglected. 


Dominant  Processes  in  the  Mobile  Bay  Region 


An  analysis  of  process  scales  in  the  Mobile  Bay  area  suggests  that  direct 
wind  forcing  is  the  dominant  open-coast  process  which  generates  near-bottom 
mean  currents.  Inside  a  small  region  adjacent  to  the  coast,  waves  are 
expected  to  become  the  dominant  process;  while  in  inlets  and  passes,  tides 
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Figure  9.  Currents  measured  in  water  depths  of  20  m  on  Alabama  shelf  in  the  summer  of 
1976  (Plot  provided  by  Dr.  Rudy  Hollman,  U.S.  Navy,  Naval  Ocean  Research  & 
Development  Activity,  NSTL,  MS,  using  data  collected  by  Dr.  W.  W.  Schroeder, 
Marine  Science  Program,  University  of  Alabama,  Dauphin  Island,  AL) 
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Figure  10.  Six  current  meter  sites  south  of  Pensacola.  Florida.  Arrays  A,  F,  and  B,  E, 
were  at  the  same  location  but  were  deployed  at  different  times.  Site  water 
depths  ranged  from  20  to  24  m.  Two  current  meters  (9  m  below  the 
surface,  and  4  m  above  the  bottom)  were  deployed  at  each  site;  one 
additional  current  meter  was  deployed  1  m  above  the  bottom  at  Array  E 
(Pickett  and  Burns  1 988) 

play  a  major  role  in  determining  the  fate  of  materials  injected  into  the  water 
column. 

Since  winds  generate  both  waves  and  currents,  it  is  instructive  to  sq)arate 
the  responses  to  these  two  processes  to  various  wind  forcing.  Surface  waves 
are  generated  approximately  along  the  same  direction  as  the  wind. 
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Figure  1 1 .  Current  rose  (upper  panel)  and  speed  probability  distribution  (lower  panel)  for  specified  array  at  the  depths  shown;  dotted 
circles  on  rose  show  percent  frequency  of  current  by  direction  (towards);  thickness  of  bar  indicates  speed  of  current;  0-15 
(thinnest  bar),  1 5-30,  30-45,  and  greater  than  45  cm/s;  numerals  inside  of  the  rose  show  the  number  of  hourly  averages 
used  and  the  percentage  of  zero  speeds;  the  solid  line  in  the  lower  panel  is  for  currents  observed  and  the  dashed  line 
indicates  faster  speeds  for  modelled  currents  over  the  long  term  from  1 948  to  1 987  (Pickett  and  Burns  1 988) 


There  can  be  some  deviation,  maybe  even  up  to  30  deg,  but  this  difference 
between  the  wind  and  waves  persists  only  for  limited  times  (a  few  hours) 
following  frontal  passages  or  in  very  oblique  fetch  geometries.  Hence,  winds 
blowing  away  from  the  coast  generate  waves  that  propagate  away  from  the 
coast.  The  resulting  waves  at  the  coast  should  be  negligible  from  such  a  local 
wind  system,  but  swell  waves  (i.e.,  waves  that  were  generated  in  another  area 
and  have  passed  out  of  their  region  of  generation)  may  still  be  coming  into  the 
coast.  Consequently,  a  storm  with  onshore  winds  will  tend  to  generate  high¬ 
speed  longshore  currents  whose  directions  strongly  correlate  with  the  wind’s 
longshore  component;  and  storms  with  offshore  winds  will,  at  their  strongest, 
tend  to  generate  only  weak  longshore  currents.  In  contrast  to  the  situation 
with  waves,  direct  wind-driven  currents  exhibit  symmetric  and  almost  equal 
velocity  response  to  wind  forcing  in  the  onshore  and  offshore  directions. 
Approximate  functional  relationships  for  wave-induced  longshore  currents 
^w*ve«  (s®®  Appendix  F)  and  wind-driven  currents  can  be  written  as 


v.„,„  »  UP («) 

(1) 

«  Ul  *2  («) 

(2) 

where 

V^vM  =  speed  of  longshore  flow  outside  the  surf  zone  that  is  driven  by 
the  waves 

Vwindg  =  speed  of  longshore  flow  driven  directly  by  the  winds 

U  =  windspeed 

p  =  exponent  dependent  on  sea  state,  but  close  to  2  for  fully  devel¬ 
oped  waves 

q  =  exponent  approximately  equal  to  1 

<^i  =  coefficient  of  proportionality  that  is  a  function  of  wind  angle  as 

given  in  Figure  12 

1^2  =  coefficient  of  proportionality  that  is  also  a  function  of  wind 

angle  as  given  in  Figure  12 

6  =  angle  between  wind  vector  and  shore  normal.  A  positive 

90  deg  indicating  wind  blowing  along  the  shore  in  the  direction 
of  the  positive  current,  i.e.,  toward  the  east  in  this  study. 

The  basis  of  these  relationships  is  given  in  Appendix  E.  For  simple 
parametric  estimates  of  wind-driven  currents,  the  following  relation  is  more 
useful: 
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3  Quantification  of  Processes 
During  Specific  Release 
Episodes  in  Mobile  Bay 


As  pointed  out  in  the  previous  section,  three  of  the  possible  six  forcing 
functions  tend  to  dominate  the  near-bottom  currents  in  the  Mobile  Bay  area- 
tides,  waves,  and  winds.  Because  Figure  6  already  contains  a  reasonable 
synthesis  of  the  tidal  velocities  in  our  region  of  interest,  there  is  no  real  need 
to  perform  any  additional  modelling  for  these  currents.  On  the  other  hand, 
there  is  little  available  information  on  waves  and  wind-driven  currents  during 
the  release  periods.  Long-term  prototype  data  collection  is  under  way  at  this 
site,  but  only  short-term  results  are  presently  available.  Hence,  both  a  wind- 
driven  current  model  and  a  wave  m^el  will  be  exercised  to  obtain  some 
quantitative  estimates  of  these  proc^ses  during  the  two-year  interval  of 
interest.  To  explain  recovery  patterns  for  the  release  episodes  shown  in 
Table  2,  the  waves  and  currents  were  hindcasted  for  the  period  from  March 
1987  to  October  1989. 


Wind  Estimates 

It  is  beyond  the  scope  of  this  study  to  construct  careful  wind  Belds  over  the 
entire  Gulf  of  Mexico  for  a  two-year  interval.  However,  because  of  the 
absence  of  a  major  source  for  frequent  swell  inside  the  Gulf  of  Mexico,  most 
of  the  waves  are  locally  generated.  The  wind-generated  currents  are  also  a 
"local”  process,  so  a  parametric  wind  field  based  only  on  transformations  of 
coastal  land-station  winds  should  suffice.  The  parameterization  is  consistent 
with  the  methodology  developed  by  Resio  and  Vincent  (1977)  and  was  used  in 
a  study  for  the  Navy  to  estimate  winds  that  drove  predictive  current  models 
for  a  similar  area  of  the  Gulf  with  good  results  (Pickett  and  Bums  1988). 
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Table  2  j 

Sand  Island  SBD  Release  Episodes  | 

Raleaee  Episade 

Number  Reieaaad 

Date  of  Release 

1 

300 

3  Mar  1987 

2 

300 

19  Mar  1987 

3 

300 

31  Mar  1987 

4 

300 

15  Apr  1987 

S 

300 

5  May  1987 

6 

300 

11  &  17  Aug  1987 

7 

300 

20  Aug  1987 

8 

300 

1  Dec  1987 

9 

300 

7  Jan  1988 

10 

300 

25  Feb  1988 

11 

300 

14  Apr  1988 

12 

300 

26  May  1988 

13 

300 

2  Aug  1988 

14 

300 

14  Sep  1988 

IS 

300 

20  Oct  1988 

16 

300 

20  Jan  1989 

17 

300 

20  Mar  1989 

18 

300 

7  May  1989 

19 

300 

6  Jun  1989 

Wave  Estimates 

To  convert  wind  estimates  into  waves,  the  time  interval  from  March  3, 
1987,  to  May  31,  1989,  was  hindcasted  using  Offshore  and  Coastal  Technolo¬ 
gies  (OCTI’s)  WAVAD  model.  This  model  is  a  second-generation,  discrete- 
spectral  wave  model.  Its  foundations  can  be  found  in  Resio  (1981,  1982)  and 
Resio  and  Perrie  (1989).  Wave  data  were  not  available  for  a  careful  calibra¬ 
tion  of  the  wave  model;  however,  recent  tests  of  WAVAD  (Khandekar  1990) 
show  that  this  model  is  capable  of  reproducing  wave  conditions  quite  well. 
Appendix  C  contains  the  time  series  of  the  wave  conditions  hindcast  for  the 
location  shown  in  Figure  13. 
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Current  Estimates 


The  cunem  model  used  for  piedictions  ai  foe  nearshore  currents  was  origi- 
fully  calibratBd  for  foe  Gulf  Cc^  area  using  current  measurements  from  foe 
study  by  Fidrett  and  Burns  (1988).  Hgure  14  shows  a  tyjMcal  calibration 
result  suggests  that  this  simple  model  is  capaUe  of  providing  a  good 
representation  of  near-bottom  curtems  in  this  region  of  foe  Gulf  of  Mexico. 
Appendix  D  contains  foe  hindcast  currerUs  for  foe  time  imeival  horn  Match  3. 
1987,  to  May  31, 1989,  for  the  site  drown  in  Hgure  13. 


CtMplwS  QuinWcwion at  Prowtwt  During  8p>clSc 


Figure  14.  Comparison  of  measured  and  predicted  current  speeds  for  March  22*25,  1987, 
in  depth  of  1 6  m  at  Site  B  (shown  in  Figure  1 0) 
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4  Analysis  of  SBD  Data 


General  Recovery  Patterns  Observed 


Figure  IS  gives  the  locations  of  At  SBD  release  sites  and  three  dredged 
material  berms  whose  long-tom  fate  is  being  monitored  by  the  Corps  (Hands 
1992).  Figures  16  and  17  show  the  broad-scale  recovery  patterns  (A)soved. 

In  diese  figures,  histograms  of  recoveries  are  plotted  as  a  function  of  distance 
along  the  coast  (i.e.,  number  of  recoveries  within  one-mile  segments  along  the 
coast).  Recoveries  bdiind  the  opoi  coast  are  plotted  in  one  of  two  cells  that 
coincide  with  die  inlet  through  which  the  SBD  probably  entered  (Hands  and 
Bradley  1990).  Figure  16  shows  die  recoveries  stratified  on  the  basis  of 
release  period  and  Figure  17  the  recoveries  stratified  on  die  basis  of  release 
she. 

Hie  information  in  Figure  16  suggests  that  there  can  be  considerable  varia¬ 
tion  in  recovery  pattwns  through  tinw.  Most  of  the  recovmies  occur  at  loca¬ 
tions  direcdy  onshore  or  west  of  die  release  sites;  however,  SBD’s  from  the 
March  31,  1987  release  and  the  April  15,  1987  release  indicate  diat  diis 
pattern  can  reverse  itself.  Given  die  synoptic-scale  variability  of  winds  in  diis 
area,  udiidi  we  believe  to  be  die  major  forcing  function  in  this  area,  h  is  not 
surprising  to  see  diis  type  of  variation  in  recovery  patterns. 

The  information  in  Figure  17  suggests  that  the  influence  of  the  rdease  site 
can  be  reduced  to  two  internally  homogeneous  areas-an  inner  area  encom¬ 
passing  release  sites  1  through  4  and  an  outer  area  including  sites  5  and  6.  It 
qipears  diat  diere  is  a  tendency  for  the  outer  area  to  be  less  affected  by  the 
tidal  flow  into  and  out  of  Mobile  Bay  and,  dius,  to  show  up  in  less  quantity 
inside  Mobile  Bay  and  in  the  Pelican  Point  and  Mobile  Point  areas.  This 
tendoicy  is  consistent  with  the  diminishing  role  of  tidal  currents  away  from 
the  entrance  to  Mobile  Bay.  Once  into  the  general  alongshore  flow  pattern, 
any  other  differences  among  the  release  sites  are  relatively  small. 

On  each  release  qiisode  exc^t  the  tirst  two  (March  3  and  19,  1987)  pairs 
of  differmitly  weighted  SBD’s  were  released  simultaneously  at  each  site.  The 
lighter  SBD’s  should  have  moved  more  readily  whmi  current  speeds  were  low. 
If  lifted  off  die  bottom,  die  light  type  SBD  would  have  had  a  slower  settling 
velocity.  Because  die  effect  of  varying  SBD  weights  is  the  subject  of 
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Figure  15.  Seabed  drifter  release  sites:  50  SBD's  released  at  sites  SD-1 
through  SD-6  during  each  of  nine  surveys 


Chapter  4  Analyeit  of  SBD  Data 


Figure  1 6.  SBD  recoveries  by  release  periods.  The  highest  concentration  of  recoveries 
were  aligned  with  either  the  eastern  or  western  ends  of  the  Sand/Pelican 
Ridge,  except  after  the  passage  of  a  strong  cold  front  coinciding  with  the 
third  release;  in  contrast,  far-west  recoveries  rose  considerably  in  the  winter 
(Hands  and  Bradley  1 990) 
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Figure  17.  Distributions  of  SBO's  from  six  dWerent  release  sites  are  surprisingly  similar; 

recoveries  from  the  outer  two  sites  are  slightly  lower  in  number  and  less  focused 
(Hands  and  Bradley  1990) 


a  sqMiate  oi-going  study  and  the  weights  did  not  change  after  March  31, 
1987,  nor  among  the  six  sites  (or  in  any  other  stradficalion  emfdoyed  here)  no 
fiifdier  distinction  will  be  made  between  drifter  weights  in  ttiis  report 


Interpreting  the  Percentage  of  SBD’e  Returned 

In  studies  firom  around  die  world,  die  tyixcal  percent  of  SBD’s  returned  has 
varied  from  2  to  80  percent  (Table  1).  Hgures  16  and  17  indicate  that  IS  to 
20  percod  of  die  SBD’s  released  wme  typically  recovered  fimn  die  Alabama 
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releases.  By  stntifying  the  recoveries  tano  nearshore  and  oCEshore  areas,  it  is 
possible  to  deduce  that,  of  all  of  the  SBD’s  returned,  about  70  percoit  were 
recovered  finom  on  or  near  the  shoreline.  This  observation  leads  one  to  ques¬ 
tion  what  mechanism  is  responsible  for  the  smaller  luunbo’  returned  from  the 
offshore  area  by  fishermetL  Three  possibilities  r^pear  to  exist  First  if  the 
SBD’s  drifted  away  from  the  coast  into  deq)  water,  their  chance  of  recovery 
would  be  small.  Second,  if  they  remained  at  about  die  same  distance  offdiore 
as  their  release  sites  and  the  chance  of  recovery  in  diis  zone  were  small,  their 
overall  diance  of  recovery  would  be  soiall.  Third,  if  oidy  a  small  proportion 
of  the  total  actually  recovered  offshore  were  returned,  the  percentage  of  recog¬ 
nized  recoveries  would  be  low.  After  meetings  with  several  state  and  federal 
officials  in  the  Mobile  Bay  area  and  with  some  of  the  fishermen  md 
’’sluimpers**  that  work  in  this  area,  it  seems  likely  that  the  pmcentage  of  SBD’s 
returned  from  offshore  is  only  a  small  fraction  of  those  actually  recovered  in 
die  nets  of  large  offshore  shiinq)  boats.  Hence,  it  carmot  be  assumed  diat  die 
natural  currents  move  the  80  to  85  percent  of  the  SBD’s  not  returned  into  deq> 
water  or  other  locadons  where  return  was  unlikely. 


Roles  of  Random  and  Deterministic  Forcing 
Functions 

One  of  the  most  important  questions  concerning  SBD  recoveries  is  “How 
can  one  extract  useful  information  from  mdy  a  knowledge  of  the  two  endpoints 
and  the  elapsed  time  between  release  and  recovery?’’  hi  attempting  to  answer 
this  question,  it  is  useful  to  separate  the  motions  into  deterministic  and  random 
compments.  The  advantage  of  this  distinction  is  qiparent  when  the 
Lagrangian  nature  of  die  SBD  paths  is  considered.  A  small  perturbation  in  die 
posititMi  of  an  element  of  near-bottrai  water  can  lead  to  an  ever-increasing 
sqnration  from  another  element  of  near-bottom  water  udiich  was  not  subjected 
to  the  same  small  perturbatioiL  It  should  be  noted  here  that  these  small-scale 
processes,  which  show  up  as  randomness  in  the  motions  of  the  SBD’s,  play  an 
important  role  in  dispersicm  and  the  mixing  luocesses  in  coastal  and  offdiote 
areas.  Thus,  these  random  variations  should  not  be  simply  neglected  but  must 
be  filtered  out,  quantified,  and  added  onto  the  deterministic  signal  when  esti- 
matir^  the  fate  of  materials  in  this  envittmmenL  Some  of  the  more  important 
contributors  to  these  small-scale  moticms  are  irregular  wave  motions,  horizontal 
eddies  in  the  flow  field,  temporary  meandering  currents,  and  rip  currents  in  die 
surf  zone. 


If  a  “lump”  of  materials  were  injected  into  a  single  small  region  in  a 
numerical  n^el  of  currents,  the  materials  would  tend  to  remain  rather  tighdy 
distributed  in  space  since  only  die  larger-scale  moticms  are  actually  resolved  in 
these  mnde-i-s.  The  presence  of  smaller-scale  perturbations  must  be  handled  via 
some  sort  of  “artificial  diqiersion.”  Consecpi^y,  the  resoluticm  of  the  magni¬ 
tude  of  this  random  dispersicm  could  well  be  as  important  as  die  resoluticm  of 
the  determirustic  component  of  motion  in  some  instances.  In  fact,  there  is  no 
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a  piioii  leann  to  expect  that  the  SBD  letunis  will  definhdy  contain  a 
qiiMtifiAie  detenninistic  signal 


Before  an  analysis  of  the  total  data  set  is  b^un.  it  must  be  realized  ttiat 
many  piooesses  in  nature  can  be  obscured  if  diey  are  not  andyzed  on  the 
proper  scale  or  whhin  ceitain  physical  limits.  In  the  case  of  die  SBD  data  in 
the  Mobile  Bay  area,  baaed  on  our  analyses  of  the  forcing  fimctions  and  scales 
of  motian,  at  least  three  geographic  legions  can  be  envisiooed  ^i^iere  different 
processes  might  be  expected  to  dominate: 

a.  The  interior  of  Mobile  Bay. 

b.  The  entmice  to  Mobile  Bay. 

c.  The  open-coast  r^ion. 

One  inqmitaitt  reason  for  stratifying  foe  recoveries  into  these  three  regions,  as 
will  be  seen  subsequently,  is  that  foe  analyses  of  processes  in  the  interior  of 
and  entrance  to  Mobile  Bay  are  both  two^limensional:  ufoereas,  the  analysis  of 
extended  morions  akmg  the  coast  is  fondamemally  one-dimoisional.  This 
distinction  is  related  to  the  scales  of  the  morions  as  well  as  to  differences  in 
rite  relative  ‘‘isotn^y”  of  the  morions  in  these  areas  (ix.,  recovery  position  in 
rile  foterior  and  entrance  regions  to  Mobile  Bay  are  trot  as  constrained  to  a 
single  east-west  coordinate  as  ate  tecovoies  atong  the  coast). 

Inside  Motrile  Bay,  ttie  morions  and  resulting  recovery  patterns  are  erqrected 
to  relate  mote  to  small-scale  features  sudi  as  tidal  chanti^.  shoal  areas,  and 
other  such  bafoymetric  features,  as  wdl  as  to  recoveries  by  fishennen  (com¬ 
mercial  and  recreariotud)  and  **shtuiq)et8”  inside  ttie  Bay.  If  idl  SBD  recov¬ 
eries  inside  a  geographic  region  defined  by  state  plane  coordinates  2(X),0(X)  to 
dOOjOOO  east  and  greater  than  93jO(X)  ncmh  are  examined,  the  pictute  of  recov¬ 
eries  is  feiriy  random  over  die  westmn  portion  of  die  Bay  ff^gure  18).  There 
wme  fewer  returns  from  anyiriiere  in  the  eastern  part  of  foe  Bay  except  along 
a  specific  section  of  shore.  These  within-Bay  patterns  reflect  returns  from  a 
hi^y  developed  residential  section  along  the  eastern  shore  and  from  the  pre¬ 
ferred  shrimiung  areas  for  small  boats  laundied  primarily  from  the  westmn 
half  of  die  Bay. 

In  contrast,  returns  from  a  region  around  the  mouth  of  Molnle  Bay  (from 
state  plane  coordinates  3OOJO0O  to  340.(XX)  east  and  75,(XX)  to  93,(XX)  north. 
H^ire  19)  riiow  remarkable  concentrations  along  certain  sections  of  the  shore 
diat  probity  reflect  dw  strong  influence  of  wave  action  and  tidal  flows  with 
weak  effects  fiom  wind-driven  currents  and  relarivdy  minor  effects  due  to 
visitation  differences. 


^  Penonal  Communkaiioo.  Deoanber  1992,  M.  Ointcm  Collier,  fiehennan  and  employee  at 
the  U.S.  Food  and  Drag  Adminietratioo’e  Gulf  Coaet  Seafixtd  Ldboealoiy,  Dauphin  Uand,  AL. 
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Northing 


Figure  18.  Recovery  locations  in  Mobile  Bay  interior 


If  the  sam|des  fnan  the  entrance  and  interior  of  Mot^  Bay  are  not  strati¬ 
fied  fiom  the  rest  of  our  sample  of  SBD  recoveries,  ttie  response  of  the  SBD’s 
to  die  wind  forcing  could  be  obscured.  Given  that  some  of  die  SBD’s  would 
get  tnqrped  inside  this  entrance  and  interior  system  of  flows,  diey  would  not 
reqxmd  to  the  wind-driven  currents  t^  long^re  diqilacemem.  Late  recover¬ 
ies  in  areas  far  removed  from  where  wind-driven  currents  had  piompdy 
taken  die  rest  of  die  SBD’s  would  also  distort  die  direct  wind  effect  This  dis- 
tmtion  would  dmw  iqi  as  an  increased  component  of  randomness  in  die  appar¬ 
ent  modcns  of  die  SBD’s. 
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Figure  19.  Reooveiy  locations  in  Moble  Bay  entrance  regions 


Table  3  gives  the  numbo’  of  recoveries  liooi  the  Bay  moutti  region  and  the 
interior  region  for  each  of  the  19  release  periods.  Because  a  constant  mitnber 
of  SBD’s  (300)  were  released  eadi  time,  diese  numbers  can  be  translated 
directly  into  percentages.  Thus,  die  likelihood  of  being  cau^  inside  the  Bay- 
emrance-interior  system  of  flows  seems  rpiite  variable.  B  would  seem  logical 
to  eiqiea  that  these  differences  in  recoveries  migitt  relate  to  die  phase  of  the 
tide  at  die  time  of  release,  widi  releases  on  flood  stages  being  swept  into  die 
entrance-interior  region  mme  often  than  releases  on  an  ebb  stage.  However,  as 
shown  in  Figure  20,  releases  1  diiough  6  were  all  made  during  roughly  equiva¬ 
lent  flood  stages,  and  yet  large  variations  in  recoveries  inside  the  entrance- 
interior  region  still  exist  (Hands  and  Bradley  1990).  PossiUy,  it  is  a  comlnna- 
tion  of  the  relative  magnitudes  of  the  wind  fcHcing  and  tidal  forcing  over  die 
first  couple  of  days  that  determines  the  rate  of  **tiap|Nng”  inside  the  eidiance- 
interior  region;  however,  the  data  are  insuificient  at  present  to  examine  this 
hypodiesis. 

As  mentioned  previously,  unlike  motions  in  the  interior  and  entrance  por¬ 
tions  of  hfobile  Bay,  motions  along  the  open  coast  reflect  a  dominant  dong- 
shore  oomponmiL  Given  the  uncertainties  in  numbers  and  locations  of 
shrimpers  and  die  problem  of  actual  recovery  versus  returns  fiom  offshore 
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legians,  it  does  not  appear  piomising  to  undertake  an  analysis  of  the  **cidss- 
shoie”  distribution  of  recoveries.  Consequently,  die  analysis  at  the  open-coast 
scale  will  consider  only  the  alongshore  component  of  motion.  Thus,  the  arudy- 
sis  of  recoveries  will  be  reduced  to  essentially  one  dimension.  This  allows  any 
other  independent  variaUe  (such  as  time)  to  te  taken  as  a  second  dimension 
for  {dotting  purposes.  For  die  sake  of  simidicity  of  arudysis  and  interpn^rdion, 
time  will  be  tal^  as  die  indqiendent  varialde;  the  east-west  cowdinate  of  the 
recovery  win  be  die  deiiendent  or  ies{xxise  varialde.  This  sim|dificadon  is 
equivalerd  to  (Hojecting  aU  of  the  recoveries  onto  a  single  east-west  line  widi- 
out  regard  to  the  angle  of  die  coast  or  the  distance  from  die  coast  that  the 
recovery  was  made,  hi  this  study  such  a  {nojection  stiU  contains  most  of  the 
informadon  because  most  of  die  recovery  area,  once  Motdle  Bay  is  exduded, 
closely  resemtdes  a  simple  east-west  shoreline  (Figure  13). 

In  order  to  adiieve  a  reastmable  se{)aradon  of  the  determinisdc  and  random 
conqKxients  of  motion,  a  sufficieitt  density  of  recoveries  dirou^  time  is 
needed  to  be  aide  to  define  a  broad-scale  recovery  hmcdon  with  some  level  of 
confidence.  As  indicated  in  Figure  21,  the  number  of  recoveries  per  day  for 
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Figure  20.  Tides  and  SBD  elapse  time:  the  spring  to  neap  tidal  cycle  has  no 
clear  effect  on  the  time  of  SBD  recovery;  the  only  indication  of  a 
visitation  bias  is  a  slight  increase  in  recoveries  after  Memorial 
Day  weekend;  even  if  real,  this  effect  would  be  too  small  to 
have  any  bearing  on  the  overall  patterns  of  interest  in  this  study 
(Continued) 
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Chapter  4  Analysis  of  SBO  Data 


tile  eoliee  umapit  SBD’s  lends  to  drop  somewhid  after  IS  days.  Conse¬ 
quently,  random  and  detenninistic  motiou  win  be  sqiarated  using  recoveries 
only  from  the  first  IS  days  fioUowing  eadi  ideaae.  For  the  purpose  of  this 
investigation,  a  fiMirih-oider  polynomial  was  selected  to  represent  the  ‘'smoofii” 
(Le.,  deterministic)  componeiu  of  these  recoveries.  Hence,  a  representation  of 
the  delerminiatic  longshore  position  fimction  is 

X(t)»  So  +  ajt  +  Sjt*  +  Sjt^  +  (4) 


where 


t  » time  (in  any  units)  after  die  release 

aQ.  a|,  a2,  a3,  and  1^  s  regression  coefBdents 

The  parameters  Sq,  a^,  a3,  and  a4  are  computed  by  a  matrix  *‘best-fir 

algorithm  for  each  separate  release  using  the  IS-day  recoveries.  Figures  22 
and  23  show  typical  deterministic  functions  plolted  with  the  recoveries  as  a 
functian  of  time.  Appendix  E  contains  plots  of  all  of  die  smoothed  curves 
obtained  in  this  fashion,  along  vrith  the  recovery  data.  As  observed  in  Appen¬ 
dix  E,  the  fourth-order  polynomial  fit  seems  to  provide  a  good  approximation 
in  every  case  to  what  an  individual  mt^  draw  as  a  smoodi  *1)est-fir  functioiL 

Several  measures  can  be  used  to  quantify  the  relative  magnitudes  of  the 
deterministic  and  random  components  of  motion.  The  root-mean-square  (rms) 
deviation  around  die  deterministic  signal, 

o,.Le  (*w  - 

L 


vriiere 

Ojg  s  rms  measure  of  die  deviation 

Xf  *  location  of  die  i***  recovery 

n  -  number  of  SBD  recoveries  in  the  analysis  period 

will  be  taken  as  a  measure  of  die  random  component  of  diqdaoemenL  The 
rms  deviation  of  the  X(t)  function. 
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Figure  21 .  Histogram  of  times  between  release  and  recovery  --  first  50  days 


Fourth-order  polynomial  fit  ( — )  to  SBD  recoveries  (denoted 
following  release  episode  3 


40 


Chapter  4  Anatysis  of  SBO  Data 


ji^  «  x-location  of  the  release  site 

will  be  taken  as  ttie  measure  of  the  deteiministic  component  Then  a  simple 
measure  of  the  relative  magnitudes  of  the  two  components  is 


Altemativdy.  the  correlation  coefficient,  p  .  (taken  here  as  the  standard  nor¬ 
malized  hmer  product  fonn)  can  represent  die  degree  of  agreement  between  the 
actual  longshore  dispiaccmeni  and  detoministic  function  X(t). 


The  cential  tendency  of  the  deterministic  position  function  can  be  evaluated 
by  intqpating  die  function  over  a  time  interval  or  by  averaging  the  functional 
values  evduated  for  eadi  recovery  during  diat  period  of  interest  Looking  at 
the  first  15  days  after  release,  a  mean  diqilacement  was  calculated  from  each 
episode  as 


*<S15) 


i  E  m 

"  i-1 


(8) 


\diere 

H  K  number  of  recoveries  during  the  first  15  days 
tj  •  elapsed  time  for  the  Ah  recovery 

Table  4  presents  informadon  on  all  releases  in  which  more  than  10  recov¬ 
eries  were  made  in  the  first  15  days.  A  study  of  this  table  reveals  that  a  rela- 
tionship  between  die  magnitudes  of  the  mean  displacement  and  die  random 
component  appears  to  exist  Rgure  24  presents  a  crossplot  of  the  relationship 
between  die  absolute  value  of  die  mean  displacement  and  the  random  compo¬ 
nent  An  estimate  of  the  magnitude  of  die  random  componnit  could  be  made 
using  r^resskm  analysis. 


udiere 

C|  s  a  best-fit  ooefiicient 
C2  »  a  best-fit  coefficient 
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Irable  4 
fstatistica  of  I 

Recoveries  in  Open-Coast  Region  (First  1 5  Days)  | 

pMaaaa  Epiaoda 

n 

r 

1 

18 

0.85 

1.6 

0.0 

1.1 

2 

21 

0.55 

0.8 

0.8 

2.8 

3 

46 

0.20 

2.5 

-15.8 

7.6 

4 

11 

0.81 

3.2 

-’.4.3 

8.2 

6 

14 

0.74 

2.2 

-11.1 

7.7 

10 

19 

0.34 

3.4 

-  5.9 

2.3 

11 

23 

0.98 

10.6 

-18.0 

3.1 

12 

18 

0.72 

1.8 

3.8 

2.9 

13 

13 

0.99 

5.4 

11.2 

0.4 

14 

28 

0.61 

5.1 

1.3 

0.4 

15 

40 

0.47 

1.0 

1.6 

3.2 

17 

29 

0.58 

1.1 

2.1 

7.8 

18 

84 

0.60 

1.9 

-36.1 

22.2 

19 

74 

0.42 

2.2 

-17.2 

14.3 

Kay: 

n  number  of  recovarias  in  first  15  days 

fi  s  correlation  coefficient  between  the  determirristic  function,  X|(|,  and  the  actual 

data 

r  •  ratio  of  deterministic  to  random  signals 

15  •  mean  displacement,  miles 

<7„  =  rms  of  random  signal,  miles 

Another  facet  of  Table  4  that  is  interesting  is  the  tq^parent  relationship 
between  the  ratio  of  the  magnitudes  of  the  deterministic  and  random  compo¬ 
nents  of  motion,  r,  and  the  mean  displacement  This  relationship 

expresses  a  tendency  for  the  relative  importance  of  smaller-scale  motions  to 
diminish  when  strong  net  transport  occurs  over  the  whole  study  area. 
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Figure  24.  RMS  error  versus  displacement 


5  Comparison  of  SBD 
Patterns  to  Physical 
Processes 


Mobile  Bay  Data  Set 

The  patterns  of  the  “detennini^c**  function  (shown  in  ^)pendix  E)  indicate 
that  theie  are  distinct  differences  among  die  processes  affecting  the  SBD's 
during  the  intervals  following  different  relea^.  An  examiiuuion  of  weather 
maps  for  the  periods  following  eadi  release  shows  ttiat  the  synoptic  weather 
patterns  are  Idgidy  variaUe,  with  ttie  rruijor  wind  forcing  linl^  to  the  passage 
of  warm  and  odd  fronts..  Two  strong  frontal  passages  were  identified  in  this 
review,  one  fdlowirtg  Release  2  and  the  other  following  Release  3.  Recadl 
that  Rdease  3  resulted  in  the  urmsual  eastward  movemeru  of  SBD’s  shown  in 
Hgure  16.  If  daily  weather  mt^  ((XXXIZ  m^)times)  for  the  IS  days  following 
Release  2  (Mardi  19,  1987)  are  compared  witti  weather  maps  for  the  IS  days 
following  Release  3  (Match  31, 198*^,  the  akmgslKHe  component  of  wind  in 
die  latter  case  will  be  markedly  affect  by  a  cold  front  passing  duou^i  the 
release  area  on  Mardi  31  and  mother  on  April  3.  In  contrast,  the  overall 
winds  were  quite  small  ftdlowing  Release  2  even  uriien  a  weak  cold  front 
passed  ditough  on  Mardi  2S.  The  reversal  of  flow  badt  to  die  east  may  have 
been  a  re^xmse  to  the  strong  west  winds  following  the  Mardi  31  frontal  pas¬ 
sage,  and  thus  would  be  more  likdy  to  occur  again  during  the  winter  whm 
sudi  fronts  are  most  common. 

In  order  to  investigate  die  relative  roles  of  wind-driven  curieiks  and  waves, 
it  is  advantageous  to  be  able  to  obtain  parameterized  estimates  of  the  potmtial 
strength  of  these  two  processes  and  to  compare  diese  estimates  to  the  observed 
recovery  patterns.  Because  the  scale  of  die  recoveries  is  on  the  order  of  days 
and  diere  is  not  mudi  information  rni  the  exact  SBD  paths,  some  sort  of  time 
averaging  Is  helpful.  Appendix  F  contains  a  set  of  categorized  {dots  for  aU 
releases.  In  there  {dots,  wave  and  current  processes  are  categorized  as  indi¬ 
cated  in  Table  5  for  three  successive  S-day  irdervals  after  eadi  release  date. 
From  dds  data  presentation,  a  definite  picture  of  die  relationship  between  die 
forditg  processes  and  the  SBD  response  begins  to  emerge. 
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IrableS  1 

|D0flnltlon  of  Wind  wid  Wavo  (5^y  Categories)  | 

iKVInd  CstoQoiy 

MMSa-d  1 

jo 

<  10  towli 

l1 

10  knoli  i  <  20  knot* 

fa 

20  knoll 

Mfavo  Cologoiy 

Cumni  Spood 

0 

|V|  <  IS  om/koc 

1 

IScm/locs  |V|  <30cm/MC 

1^ 

SOcm^ocs  |V| 

Because  of  the  high  degree  of  variability  in  our  system  (in  part  due  to  the 
Lagrangian  nature  of  the  SBD  recoveries  and  to  the  importance  of  subscale 
processes  influencing  the  total  path)  and  the  parameterization  of  the  {uocesses, 
methods  for  calculating  relationships  between  continuous  variables  are  not 
well  suited  to  analysis  of  these  results.  On  the  other  hand,  a  contingency  table 
analysis  is  an  excdlent  tool  to  clarify  the  imerrelationship  between  estimated 
wind  and  wave  forcings  and  the  SBD  respcuises.  Consequently,  contingency 
tables  will  be  used  here  in  place  of  correliUion  coefficients,  nns  errors,  biases, 
or  odrer  such  measures  to  investigate  the  statistical  strength  of  the  relationship 
of  SBD  displacement  to  winds  and  waves.  Tables  6  and  7  present  contingency 
tables  constructed  from  the  joint  occunoKes  of  observed  and  predicted  catego¬ 
rized  motions  using  the  definititHis  given  below: 

a.  Observed  variations  of  X(t)  were  categorized  into  S-day  values  of  -1, 

0,  and  +1  depending  on  die  maximum  deviation  between  the  X(t)  in 
that  S-day  period  and  die  previous  S-day  period.  If  the  maximum  devi¬ 
ation  was  greater  than  10  miles  and  with  the  later  value  westward  of 
the  eailier  value  (i.e.  the  motion  is  westward),  the  value  was  taken  as 
-1.  If  the  maximum  deviation  was  greater  than  10  miles  toward  the 
east,  the  value  was  taken  as  -i-l;  if  the  maximum  deviation  was  less 
than  10  miles,  die  value  was  taken  as  0. 

b.  If  the  parameterized  S-day  value  for  wind-driven  currents  was  0,  the 
contingaicy  table  classification  became  0.  If  the  wind  category  was 
greater  dian  0  (i.e.,  a  1  or  a  2  value  from  our  categorization  shown  in 
Talde  S),  it  was  assigned  a  value  of  -1  if  the  predicted  displacement 
was  toward  the  west  and  •^l  if  die  predicted  disidacement  was  toward 
the  east 
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Tabid  • 

Contingency  Table  for  All  Ralaaaa  Epiaodaa  for  WImMMven 
Currenta 

oa.wv.acanio.v 

To!?""* 

-1 

a 

1 

ToW  -1 

3 

2 

0 

5 

0 

2 

S3 

0 

36 

ToE  1 

0 

4 

10 

14 

UwgiMlToW 

S 

30 

10 

Tabl«7 

Contingency  Table  for  All  Release  Episodes  for  Wave-Driven 
Currents 


•1 

0 

1 

ToW  -1 

6 

16 

4 

26 

0 

1 

20 

4 

26 

ToE  1 

0 

0 

4 

4 

UoioiMlToM 

7 

36 

12 

c.  If  die  pamneterized  5-day  value  for  waves  is  0,  its  contingency  value 
was  taioen  as  0.  If  it  was  greater  than  0,  its  value  became  -1  if  the 
predicted  motion  was  toward  die  west  and  -fl  if  the  predicted  motion 
was  toward  the  east 

Tables  6  and  7  help  to  summarize  the  degree  of  agreement  between  diese 
parameterized  processes  and  the  SBD  responses.  As  can  be  seen  in  TaUe  6, 
dine  is  good  agreemem  between  the  categorized  wind-driven  currents  and  the 
SBD  reqxmses,  as  evidenced  by  the  prevalence  of  occurrences  along  the  diag¬ 
onal  On  the  other  hand,  the  wave  processes  predict  wave  transports  toward 
die  west  much  more  often  than  the  SBD’s  actually  moved  to  die  west 

A  second  pattern  that  emerges  from  the  plots  of  the  data  in  ^ipendix  F  is 
die  relatively  large  number  of  lyiparent  outliers  that  aid  up  far  to  the  west  of 
the  release  rites,  evoi  ^riien  the  wind-current  forcing  does  not  seem  to  siqiport 
such  movement  One  possible  interpretadon  of  this  patton  is  that  a  secondUuy 
circulation  pattern  inside  and  along  die  Kfissisrippi  Sound  region  may  qierate 
predomiiundy  from  east  to  west 
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An  itenate  expUnarion  for  the  extreme  western  recoveries  that  were  not 
windHclUed  is  tiut  SBDs  could  have  moved  westward  under  the  influence  of 
wave^iriven  currents  yet  not  have  been  aediled  to  thm  category  because  those 
SBDs  did  not  move  sufficiently  shotewaid  to  the  beach  where  any  fiiidier 
movement  would  have  been  interrupted  and  the  chance  of  recovery  would  have 
increased.  Upon  completion  of  the  continuing  icieaae  episodes,  reanalysis  of 
die  analytic  data  may  resolve  this  question  of  relative  wkid  and  wave  effects. 
For  now.  this  example  fllustraies  the  tnmhodoloiy  and  the  usefulness  of  para¬ 
meterizing.  sometimes  opposing  transport  functions  and  appraising  their  joint 
influence  via  contingency  tables. 


General  Interpretation  of  SBD  Results 

From  an  arulysis  of  die  potential  driving  mechanisms  fi>r  SBD  motions,  it 
appears  lilcdy  that  in  open-coast  areas  direct  wind  and  secondary  wave  forcirig 
are  the  dominant  factors  to  consider  in  the  mterpietatioo  of  SBD  recovery 
pattmis.  Near  inlets,  tidal  cunrats  are  important  In  areas  immediatdy  adja¬ 
cent  to  large  partially-mixed  or  mixed  estuaries,  two-layer  flow  systmns  may 
become  domirumt  as  seen  in  die  study  by  Pape  and  Garvine  (1982).  ifowever, 
inside  die  Gulf  of  Mexico  and  major  coastal  sections  of  the  Atlantic  and 
Pacific  seaboard,  the  inner  shelf  drculation  will  most  likdy  reqxxid  primarily 
to  direct  wind  forcing  in  the  region  from  the  Shore  out  to  dqiths  of  4b  m  or 
so.  Beyond  diese  depths,  additiorud  effects  such  as  large-scale  drculations  and 
layered  flow  regimes  can  become  dominant  It  is.  however,  in  coastal  water 
drat  sediment  tranqrort  die  fsle  of  dredged  materials,  and  die  diqiersal  of 
dissolved  pollutants  are  of  mr^jor  corKent  Because  inteiest  is  often  property 
focused  on  coastal  waters,  the  importance  of  the  offcoast  consideratim  nuy, 
in  fmt  be  minimaL 

After  an  examination  is  n  ide  of  how  the  results  of  various  analysis  proce¬ 
dures  qiply  to  die  Alabama  Goast  die  procedures  should  be  tested  on  dka 
from  other  sites.  Hands  (1987)  discusses  a  series  of  SBD  releases  made  akmg 
die  Nordi  Carolma  coast  near  the  U.S.  Army  Coastal  Engiiieering  Research 
Center’s  (GERQ  Field  Research  Facility.  Rqieated  releases  were  made  from 
two  neaidKHe  sites  on  each  of  four  days.  The  SBD’s  from  releases  made  on 
the  first  diree  days  promptly  came  ashore  a  little  north  of  their  reqiective 
rdease  sites  (Ha^  198‘b.  About  80  pocent  consistendy  rqipeared  ashore 
about  6  hr  after  their  releases  in  depths  of  8  m.  On  the  morning  of  the  fourth 
release,  just  as  dwse  SBD’s  began  to  rppear  on  the  beach,  a  ”northeaster”  with 
winds  in  die  laitge  of  25  to  30  knots  began  affecting  die  study  area.  During 
the  next  six  days,  winds  remruned  primarily  out  of  the  northeasL  From  die 
arulysis  of  wirid-driven  currents  {xesented  earlier  and  consistent  with  Murray’s 
(1975)  analytical  model,  die  near-bottom  currents  during  this  period  should 
have  been  approximately  alongshore,  with  a  small  component  in  die  offthore 
direction.  Hence,  few  SBD’s  rtiould  have  been  forced  to  die  shore,  indepen- 
doK  of  the  wave  conditkms.  This  infermce  is  consistent  with  die  actual  obser¬ 
vations  by  Hands  (1S>87)  vrtio  reported  “as  the  wind  veered  to  the  northeast. 


CiMpWrS  CempwtMn  of  SBO  P( 


47 


the  SBD’s  abrapUy  stopped  ooming  ashoie.**  In  fact,  over  the  next  48  hr  (in 
which  the  winds  lemai^  strong  fiom  the  northeast),  he  wrote  ^in  spite  of 
vigilant  searches...,  no  more  drifters  wen  recovered.”  From  this  information 
and  the  fact  that  during  the  previous  period  of  seaward-directed  winds  the 
SBD’s  from  repeated  releases  drifted  ashore  after  brief  and  consistent  transit 
times  and  in  high  percetuages.  it  appears  that  die  local  winds  play  a  inqrortant 
role  in  determining  whether  or  not  SBD’s  return  to  shme.  Thus,  the  cross¬ 
shore  component  of  the  wind  significantly  impacts  the  probability  of  recovery. 

Next,  details  of  the  Duck  data  set  are  examined  to  see  if  the  observed  long¬ 
shore  SBD  diqdacements  are  reasonably  consistent  with  the  simple  param^c 
wind-driven  current  model.  Figure  7  gives  a  graphical  presentation  of  this 
parameterization.  In  die  Duck  data  set,  the  first  recoveries  following  onset  of 
the  northeaster  (Sqitember  11)  occurred  during  the  period  of  September  20 
to  23.  Over  the  intervening  9  to  13  days,  the  winds  averaged  about  m/sec. 
The  angle  of  the  wind  to  the  coastline  was  about  70  deg  during  this  time. 
Figure  7  suggests  a  mean  current  of  approximately  15  cm/sec.  Of  course,  the 
currents  would  have  been  much  higher  during  the  short  Sq;)tember  1 1  to  13 
interval  Ten  days  of  drifting  at  an  average  15  cm/sec  would  |dace  the  SBD’s 
about  130  km  south  of  the  release  site.  Because  recoveries  occurred  from 
55  to  103  km  to  the  south,  the  130-km  estimate  agrees  well  with  the  observed 
diqdacements.  In  fact,  given  the  large  number  of  subscale  effects  and  the 
unknown  elapsed  time  between  beatdiing  and  recovery,  the  timing  of  actual 
SBD  recoveries  is  probatdy  as  good  a  confirmadon  as  could  be  eiqiected  even 
if  die  parameterization  of  the  curreitts  had  been  perfect 

The  examination  of  this  ancillary  data  set  shows  that  the  methodcdogy 
developed  for  the  Mobile  Bay  area  can  be  generalized  to  other  comparaUe 
c^Kn-coast  areas.  Because  the  theor^ical  basis  for  dw  parametric  wind-forcing 
estimates  given  here  is  appropriate  for  near-bottom  water  dements,  it  can  be 
reasonably  assumed  that  nearly  neutrally  buoyant  SBD’s  respond  to  wind  forc¬ 
ing  in  a  fashion  similar  to  elemeiUs  of  water  in  the  near-bottom  water  column. 
This  assumption  is  excellem  if  a  study  is  seeking  to  gain  information  on  the 
general  water  circulation  or  on  materials  which  should  move  in  suspension 
(poUutartts,  contaminants,  etc.).  However,  it  means  that  as  presendy  config¬ 
ured,  SBD’s  probaUy  do  not  provide  direct  evidence  on  the  fate  of  materials 
that  move  along,  or  only  inftequendy  off,  the  bottom  (dredged,  bypassed,  or 
beach-fill  material  coarse  natural  sediments,  dc.).  As  might  be  inferred  from 
the  treatment  of  differences  between  forces  acting  on  the  SBD’s  and  a  sand 
particle  in  Chapter  3,  a  redesign  of  the  SBD’s,  reducing  the  large  plastic  cap  or 
increasing  the  resistance  to  displacemeitt,  might  be  good  starting  points  to 
begin  making  the  SBD’s  become  more  direct  predictors  of  bottom  materials. 

Given  the  results  of  all  of  die  theoretical  and  empirical  analyses,  several 
general  conclusions  regarding  the  irtteriHetation  of  SBD  recoveries  may  be 
drawn. 


a.  In  dieir  present  design,  SBD’s  apparerttly  reqxmd  in  a  manner  consis¬ 
tent  with  the  motions  of  near-bottom  water.  Any  inferences  as  to 
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idued  molkios  of  boaom  sediments  or  materialg  piaoed  on  the  bottom 
must  be  caiefiiUy  considered  snd  tested  before  ib^  should  be  sccepted. 

b.  b  foe  intBipretatkm  of  SBD  motfoos  it  is  helpiul  to  snalyze  all  poten¬ 
tial  driving  motions,  perfonn  a  scale  analysis,  and  ensure  thm  any  inter- 
pettation  of  recovety  patterns  is  consistent  with  these  physical 
piocesaes.  This  methodology  will  allow  the  aqimfoion  of  different 
scales  of  motion  snd  resulting  patterns  that  riiould  suggest  ^jpropriate 
appRMches  (sample  atiatification,  temporal  smoothing,  etc.)  for  analyz- 
i^  the  recovery  data. 

c.  b  open-coast  areas  outside  foe  breaker  zone,  the  sbgfo  most  dombaitt 
process  influencing  motions  of  conventionally  ballasted  SBD’s  usually 
seems  to  be  ttie  wind-driven  currents.  A  simple  parametric  approach  to 
estimating  near-coast  currents  can  be  valuable  b  interpreting  the 
expected  scale  of  motions  due  to  tiiis  process  and  hence  can  aid  b 
experimental  design  and  overall  SBD  deployment  considerations. 

d.  bside  the  breaker  zone,  wave  forcing  becomes  the  dominant  process. 
Wave-driven  longshore  currents  b  the  surf  zone  should  contitri  many 
important  convergence  and  divergence  aspects  of  material  fluxes. 

Areas  of  convergence  should  cbncide  with  dqxrsition  of  materials  (i.e.. 
a  local  concentration  of  SBD  returns  as  on  Fdican  and  Mobile  Points). 
Areas  of  divergence  diould  Ire  reflected  by  a  lower  concentration  of 
SBD  returns  (as  seen  along  the  shoreline  embaymertt  b  the  lee  of  Sand 
Island).  However,  the  scale  of  the  wave-driven  motions  aflfecting  the 
SBD  recovery  patterns  inside  tiK  breaker  zone  should  only  be  consid- 
ered  as  a  process  witii  a  scale  of  tenths  of  miles  or  at  most  miles,  not 
10*s  of  miles  as  is  the  case  of  ditea  wind-driven  cuttertt. 

e.  Near  naouths  of  inlets,  embayments,  estuaries,  and  rivers  tire  tides  and 
riverflows  can  become  a  dominant  process  and  should  be  considered  b 
bterpreting  SBD  recovery  patterns. 
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6  Conclusions  and 
Recommendations 


Conclusions 

The  following  conclusions  are  made: 

a.  Attempts  to  inteipret  SBD  patterns  should  begin  with  an  analysis  of 
the  physical  processes  in  the  area  of  interest  Evaluation  of  ^ 
dominuit  i»ocesses  will  help  develop  the  i^jpropriate  analysis  for 
eadi  situation. 

b.  In  q)en-coast  areas,  wind-driven  currents  are  usually  the  primary  forc¬ 
ing  process  for  SBD’s.  Because  winds  in  coastal  areas  vary  as  a  result 
of  mesQscale  effects  (sea-breeze/land-breeze,  etc.)  and  synoptic-scale 
effects  (storms,  fronts,  etc.),  foe  response  of  SBD’s  can  be  variable, 
depending  on  foe  omditimis  jHevailing  during  foe  period  following  their 
release.  Consequently,  care  should  be  taken  to  accumulate  data  from  as 
many  releases  as  feasiUe.  The  number  necessary  will  increase  with  the 
variaUlity  of  the  driving  forces,  the  scales  and  periods  of  interest  and 
foe  purpose  of  the  study.  The  recovery  pattern  horn  a  sin^e  release 
should  be  interpreted  as  a  single,  possibly  representative  case.  A  m(He 
Qpical  study  would  include  a  dozen  or  more  release  episodes  covering 
different  ct^tions  forou^ut  the  year.  In  areas  where  winds  are 
variaUe  (almost  every  coastal  area),  foe  climatology  of  all  patterns  from 
many  returns  should  be  considered  in  interpreting  foe  climatology  of 
circulation  patterns.  In  areas  such  as  foe  Mobile  Bay  region  and  North 
Carolina  coast  the  expected  transports  during  a  given  synoptic  event 
(such  as  a  frontal  passage  or  storm)  can  produce  motions  on  foe  scale 
of  100  km  in  a  time  span  of  only  two  to  three  days. 

c.  The  probability  that  a  SBD  will  be  found  can  vary  with  foe  location 
and  time  of  year  uriien  it  teaches  shore.  The  chance  that  a  recovered 
drifter  will  be  returned  can  also  dqrend  on  who  finds  it  whoi,  and 
^riiere.  These  site-sensitive  uncertainties  should  be  considered  when 
interpreting  the  recovery  patterns.  For  recoveries  wifoin  Mobile  Bay, 
the  returns  reflect  differences  in  shrimping  by  numerous  small  boats. 

For  offshore  recoveries,  the  likelihood  of  recovered  SBDs  being 
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retumed  appeals  to  have  been  diminished  if  the  SBDs  were  recovered 
by  comm^al  fishennen  and  shrimpeis  in  the  course  of  their  trawling 
activities. 

d.  Infonnatkm  fiom  SBD  recoveries  contains  both  deterministic  and  ran¬ 
dom  components.  Normally,  information  is  only  available  on  the  start¬ 
ing  point,  end  point,  and  elipsed  time,  so  caution  should  be  taken  in 
attempting  to  etqilain  every  recovery  site  in  terms  of  a  single  determin¬ 
istic  process.  The  relative  importance  of  random  and  deterministic 
compments  varies  gieady  among  different  release  qNsodes.  Sometimes 
SBD’s  can  be  recovered  tens  of  miles  apart  on  die  same  day  following 
their  release  at  the  same  time  fnan  the  same  locatioa  Usually,  this 
divergence  should  be  interpreted  as  indicating  the  existence  of  impor¬ 
tant  random  motions  or  a  secondary  circulation  pattern  (such  as  possi¬ 
bly  occurs  in  the  western  portion  of  the  Mobile  Bay  study  area).  At 
other  times,  when  there  is  a  stirmg  uniform  reqxmse,  the  deterministic 
ccHnponent  predominates. 

e.  Combining  SBDs  with  currertt  meter  measurements  and  modelling 
provides  more  complete  and  usefol  documentatkm  of  large-scale  current 
patterns  dian  possiUe  using  either  mefood  alone.  Consideration  should 
be  given  to  pilot  SBD  releases  that  would  establish  likely  number  of 
returns  and  indicate  die  spatial  variability  before  selecting  the  number 
and  locaUoi  for  instrument  measurements.  Because  of  their  relatively 
low  cost.  SBD  drifter  releases  can  not  only  cover  a  wider  area  but  also 
continue  over  a  longer  period  than  usually  feasible  using  other  methods. 

/.  Data  ftom  SBD  recoveries  can  provide  valuable  information  on  the 
potential  motions  of  suspended  materials  in  near-bottCHn  waters.  Such 
information  could  be  vititd  to  improved  understanding  of  the  fate  of 
materials  released  at  outfalls,  with  foxic  wastes,  spills  of  hazardous 
materials,  medical  wastes,  and  any  other  such  material  that  mi^ 
become  suspended  in  the  water  column.  Some  of  this  information 
needs  to  be  recognized  in  terms  of  its  dependence  on  seasonal  and 
synq)tic  weadier  patterns  and  then  could  be  used  to  minimize  potential 
envirorunental  hazards  by  improved  scheduling  of  outfall  flows,  off¬ 
shore  operations  related  to  oil  and  gas  production,  shipping,  and  any 
other  such  potentially  hazardous  offshore  activities. 


Recommendations  for  Future  Work 

Because  of  die  potential  value  of  SBD  data,  the  following  recommendations 
are  made: 

a.  SBD  experiments  should  be  conducted  as  a  supplement  to  all  ongoirtg 
monitoring  programs.  Whereas  in  situ  velocity  measurements  are 
useful  for  some  purposes,  SBD  data  can  provide  a  much  more  direct 
source  of  information  on  the  potoitial  fate  of  suspoided  materials. 
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b.  A  ledesign  (rf  the  SBD's  Aould  be  coosidefed  in  (Mder  to  allow  die 
SBD’s  to  be  more  diancteristic  of  bottom  (infiequoidy  suspended) 
materials.  Such  a  redesign  might  begin  wiA  reduction,  lowering,  or 
removal  of  the  plastic  caps  in  the  present  design.  It  riwuld  be  noted 
that  the  modifi^  SBD’s  might  not  move  as  far.  consequendy.  a  greater 
number  of  SBD’s  per  release  bundle  and  a  longer  and  more  iiUmisive 
sampling  procedure  would  be  required. 

c.  Metal  ferrules  crimped  on  the  ends  of  SBD  stems  overcome  the  buoy¬ 
ancy  of  the  plasdc  components  and.  in  typical  deploymertts,  render  the 
assembled  SBD’s  nearly  neutrally  buoyant  Further  increasing  die 
ferrule  wei^  diould  increase  the  SBD’s  resistance  to  diqilacemenL 
As  a  stqi  toward  increasing  the  usefulness  of  SBD’s  for  inferring  the 
fate  of  infrequendy  suspended  partides.  laboratory  invesdgatitms  are 
being  conducted  to  determine  the  feasibility  and  procedure  for  increas¬ 
ing  die  SBD’s  threshold  for  movement  until  it  approximates  that  of  the 
material  vriiose  fate  is  of  oxicem  (Hands  and  SoUtt.  in  preparatkni). 

d.  Successful  mediods  to  mimic  threshold  condidons  might  be  fdlowed  by 
invesdgadtms  into  the  differences  in  velocities  of  the  SBD’s  and  of  the 
sediment  particles.  As  this  report  has  shown,  velocity  differences 
should  be  eiqiected  and  divergences  in  diqdacement  will  tend  to 
increase  with  the  elapsed  time  between  release  and  recovery.  Because 
scales  of  mixing  and  turbulence  vary  temporally,  spatially,  and  with 
changes  in  flow  intensity  in  manners  that  are  poorly  known,  clarifying 
velocity  relationships  will  probably  require  consideraUe  laboratory  and 
field  testing. 

e.  The  extra  effcwt  of  detailed  tracking  of  trananitter-attached  SBD’s  via 
sonic  mediods  (IXckson  1976;  Folger  1971;  Harden  Jones,  Greer 
Walker,  and  Arnold  1973)  would  be  eqiecially  useful  with  the  modi¬ 
fied,  more  sedimerd-like,  SBD’s.  This  would  increase  the  need  for 
additional  refinements  in  srxiic  traddng  techniques. 

/.  Given  the  potential  value  of  SBD  studies  compared  to  their  relatively 
inexpensive  cost,  additional  researdi  should  continue  into  future 
improvemoits  in  interpretation  and  experimental  design. 

g.  In  sites  such  as  the  Mobile  Bay  area  aliete  a  good  data  set  already 
exists  and  where  long-term  measuremoit  of  waves,  winds,  and  bottom 
currents  is  underway,  releases  shmild  continue  fw  several  years  in  order 
to  begin  to  develop  improved  quantitative  methods  for  estimating  over¬ 
all  climatologic’*’  'wameters  for  the  potential  motions.  Sudi  informa¬ 
tion  would  als^  valuable  for  determining  the  number  of  releases  that 
are  required  to  obtain  a  reasonaUe  estimate  of  the  entire  climatology. 


52 


ChaplarS  Condusiont  and 


References 


BaitoUni.  C,  and  Pianzini.  E.  (1977).  *Tiaciiv  Neanhoie  Bottom  Currents 
widi  Sea-Bed  Driftos,”  Marine  Geology,  23,  275-284. 

Chamell,  R.  I.,  and  Hansen,  D.  V.  (1974).  ‘‘Summary  and  analysis  of  physicid 
oceanography  data  coUecled  in  the  New  York  Bight  Apex  during  1969-70,” 
National  Oceanic  and  Atmospheric  Administration,  Boulder,  Go.,  Report 
74-3, 49. 

(joUiris,  B.  P.,  Griscom,  C  A.,  and  Hofibunn,  E.  J.  (1978).  ‘‘Near-bottom 
transport  in  the  vicinity  of  the  Argo  Meichaitt:  A  seab^  drifter  study,” 
University  of  Rhode  Idand,  Graduate  Sdiool  of  Oceanography,  34-36. 

CoUins,  M.  B.,  and  Ferentinos,  G.  (1984).  ”Residual  circulation  in  the  Bristol 
Channel,  as  suggested  by  Woodhead  seabed  drifter  recovery  patterns,” 
OCEANOL  ACTA.,  7,  33-42. 

Conomos,  T.  J.  (1974).  ”hfovement  of  spilled  oil  in  San  Francisco  Bay  as 
predicted  by  estuarine  nontidal  drift,”  Marine  Pollution  Monitoring 
Proceedings  of  a  Symposium  and  Workshop,  97-100. 

Didcsoit,  R.  R.  (1976).  "Field  tests  of  seabed  drifters,  using  sector-seaming 
sonar  tedmiques,”  Journal  du  Conseil  International  por  F  Exploration  de  la 
Mer,  37(1),  3-15. 

Folger,  D.  W.  (lSi71).  "Nearshore  traddng  of  seabed  drifters,”  Limnology  and 
Oceanogrqthy,,  16, 588-589. 

Griggs,  G.  B.  (1974).  *^ffect  of  coastal  currents  on  ocean  outfalls,"  Influent 
&.  Water  Treatment  Journal.  14, 29-32. 

Gross,  M.  G.,  and  Bumpus,  D.  F.  (1972).  "Residual  drift  of  near-bottom 
waters  in  Long  Island,  1969,”  Limnology  and  Oceanography.  17, 636-638. 

HalliweU,  A.  R.  (1973).  "Residual  drift  near  the  sea  bed  in  Livopool  Bay: 

An  observational  study,”  Geophysical  Journal  Royal  Astronomical  Society, 
London.  32, 439-458. 


HnMood.  R.  R..  aid  Wallaoe.  W.  J.  (198^. ‘*Sedbed  drifter  movonett  in 
Sai  Di^  Bay  aid  adjacent  waten,**  Eauarime,  CooMl,  and  Skeff  Science , 
14, 623<634. 

Handa.  E  B.  (1987).  ‘*Foiential  of  aeabed  drifteis  for  nearriure  dfculaikm 
riiidkit."  Coastal  Sediments  ’87,  Proceedings  cia  specialty  conference  on 
advances  in  understanding  cf  coastal  sediment  processes,  American  Society 
of  Gvil  Engineen. 

_ ,  (1992).  ’’Monitoring  of  Alabama  berms."  Drying  research 

technical  notes  I^>l-08,  U.S.  Army  Engineer  Waterways  Experiment 
Station,  VMcsburg,  MS. 

Hands,  E  B..  and  Bradley,  K.  P.  (1990).  ’Results  of  monitoring  the  disposal 
berm  a  Said  Island.  Alabama  -  RepM  1:  Gonstmction  and  first  year’s 
response."  Technical  Report  IXtP-90-2,  U.S.  Army  Engineer  Waeiways 
Eiqieriment  Station.  Vicksburg,  MS. 

Hands,  EB..  and  SoUitt,  CK.  ’Xkyielatiiig  seabed  drifter  (SBD)  weights  to 
sand  threshold  conditions  in  wave  and  wave/curient  envirormients.”  in 
preparation,  IXtP  Technicri  Report,  U.S.  Army  Engiiieer  Waterways  Exper¬ 
iment  Station,  Coastal  Enginee^  Research  Center.  Vicksburg,  MS. 

Harden  Jones.  F.  R..  Greer  Walker.  M..  and  Arnold,  G.  P.  (1973).  **1110 
movements  of  a  woodhead  seabed  drifter  tracked  by  sector  scanning  sonar," 
Journal  Conseil  International  por  f  Exploration  de  la  Mer,  35,  87-92. 

Hartley.  R.  P.  (1968).  "Bottom  currents  in  Lake  Erie,"  Proceedings  IJth 
Conference,  Great  Lakes  Res.,  398-406. 

Harvey,  Portland,  J.  G.  (1968).  "The  movement  of  sea-bed  and  sea-surfoce 
drifters  in  die  Irish  Sea  I96S-1S)67,"  2nd  European  Symposium  on  Marine 
Biology,  Sarsia,  34.  227-242. 

Hassetanann,  K.,  Barnett.  T.  P.,  Bouws,  E.,  Carlson,  H.,  Cartwri^  D.  E, 
Enke,  K.,  Ewing,  J.  A.,  Gimapp,  H.,  Hasselmann,  D.  E.  Kruweman,  P., 
Meerburg,  A.,  Muller,  P.,  Gibers,  K.  J..  Riditor,  K.,  Sell,  W.,  and  Welden, 
W.  H.  (1973).  "Measurement  of  wind-wave  growth  and  swell  decay  dur¬ 
ing  the  Joint  North  Sea  Wave  Project  (JONSWAP),"  Deutsche  Hydrograph. 
Zeit.,  Erganzung'Shnft  Reihe  A  (8**),  No.  12. 

Henry,  J.  V.  (1984).  "Tracer  study  for  Hilton  Head  Island,”  Appendix  3  in 
Cost-^ective  coastal  protection.  Report  No.  lIFLA!X)EL-84/OOS,  University 
of  Fkmda,  Gainesville,  FL,  35-44. 

Hides,  L.  L.,  and  Babcock,  S.  (1988).  "Currents  and  sediment  tranqxxt  at  the 
Shislaw  Ocean  dredged  material  disposal  site:  Dye  and  seabed  drifter  stud¬ 
ies,”  U.S.  Army  Engine^’  District,  Portiand,  CHI. 


Hoteam.  E.  E..  nd  Woiley.  S.  J.  (1986).  ‘‘An  investigttion  of  the  dicuU- 
tk»  of  the  Oidf  of  Mexico,”  Jounui  cf  GeopkysiaU  Research.  91(C12), 
14,221-14,236. 

Lee,  A.  J.,  Bumpos.  D.,  and  Lauzier,  L.  (1965).  ‘*The  sea-bed  drifter,”  tatema- 
tknal  Cnmmission  Northwest  AtUntic  Rsh  Bulletin,  2, 42-47. 

Lee,  J.  W.,  and  Samuel,  M.  (1982).  ”Water  movements  in  Kuwait  coastal 
walen,”  Kuwait  Instimte  of  Scientific  Resevch  1981  Annual  Research 
Report,  1981, 113-116. 

Khandekar,  M.  L.  (1990).  Operational  analysis  and  prediction  cf  ocean  wind 
waves.  Springer-Veriag,  New  Yoik. 

National  Martoe  Hsheries  Service.  (1972).  ‘The  effects  of  waste  disposal  in 
ttie  New  Yoik  Bi^”  Section  6:  Surface  and  Bottom  Water  Movement. 
National  Technical  Infionnation  Service,  1-28. 

Nofcross,  J.  J..  and  Stanley.  E.  M.  (1964).  ‘‘Inferred  surface  and  bottom  drift,” 
Part  n  of  ESSA  Prof.  3.  3. 1 1-35. 

Murray,  S.  P.  (1975).  ‘Tnyedories  aid  speeds  of  wind-driven  currents  near 
die  coast,”  Journal  of  Physical  Ocamography,  5,  347-360. 

Pape,  E..  and  Garvine.  R.  (1982).  “Subtidal  diculatkm  in  Delaware  Bay  and 
adjacent  shelf  waters.”  Journal  of  Geophysical  Research,  87.  7955-7970. 

Paskausky,  D.  F.,  and  Murphy,  D.  L.  (1976).  ”Seasoiud  variation  of  residual 
drift  in  Long  Island  Sound,”  Estuarine  and  Coastal  Marine  Science,  4. 
513-522. 

Phillips,  A.  W.  (1968).  ”A  sea-bed  drifter  investigation  in  Kforecambe  Bay,” 
The  Dock  A  Harbor  Authority.  49, 9-13. 

_ (1969).  ”A  sea-bed  drifter  investigation  in  Morecambe  Bay,” 

The  Dock  A  Harbor  Authority.  49. 370-382. 

_ (1970).  ‘The  use  of  the  Woodhead  sea  bed  drifter,”  Britirii 

Geomorphological  Researdi  Gtoap,  Technical  Bulletin  No.  4.,  Kensington 
Core,  LondoiL 

Pickett,  R.  L.,  ard  Bums,  D.  A.  (1988).  ”A  sununary  of  the  currents  off 
Pensacola,  Florida:  Final  Report,”  Naval  Ocean  Rmeardi  and  Development 
Activity,  Slemiis  Space  Center,  MS. 

Pierson,  W.  J.,  and  kfodmwitz,  L.  (1964).  ”A  proposed  qiectral  form  for 
fully  developed  wind  seas  based  on  the  sifflilarity  dieory  of  S.  A. 
KitaigCHOdsIdi,”  yourno/  of  Geophysical  Research,  9, 5181-5190. 


I 


Reik>  O.T.  (1981).  esiaiatkn  of  wind-wave  fenertfira 
spectiat  modd."  Jounui  cf  Geopk;fiiical  Reuarch,  11, 510-S2S. 

_ ,  (1982).  in  AallUsiw  wMa”  Proceedings  of  the 

14tk  MHued  ci^hore  techn^gy  ctMiference,  147-152. 

Resio.  D.  T.  (1987).  ‘^Shallow  water  waves.  T-Tlieofy,’*  Journal  of  tiu 
waterway,  port,  coastal  and  ocean  division.  Proceeding  of  the  American 
Society  of  Civil  Engineers,  113. 264-281. 

_ (1988).  ‘‘Shallow  water  waves,  n  -  dau  oonqpaiisans.’* /outm/ 

of  the  waterway,  porr,  coastal  and  ocean  division.  Proceeding  of  dte  Ameri¬ 
can  Society  of  Civil  Engineers,  114. 50-65. 

Resio,  D.  T.,  and  Fenie,  W.  (1989).  “Implicaiions  of  an  r*  equilibriuiii  range 
for  wind-generated  waves.”  Journal  of  Physical  Oceanogra^, 

19. 193-204. 

Resk),  D.  T..  and  Vincent.  D.  L.  (1977).  “Estimation  of  winds  over  the  Gieat 
Lakes,”  Journal  of  the  waterway,  port,  coastal  and  ocean  division.  Pro¬ 
ceeding  of  the  American  Society  Civil  Engineers,  103(WW2),  265. 

Riley,  J.  D..  and  Ramster,  J.  W.  (1972).  “Woodhead  seabed  dtifto’  recoveries 
and  die  influence  of  human,  tidal  and  wind  factors.”  International  (Council 
for  die  Eiqiloratian  of  die  Sea.  Journal  Du  Conseil,  34.  389-415. 

Robinson,  A.  H.  W.  (1968).  “The  use  of  the  sea-bed  drifter  in  coastal  studies 
with  particular  reference  to  die  humber,”  Zeitschr^  Fur  Geomorphologie, 

7,  1-23. 

Sajdor,  J.  H.  (1966).  “Quients  at  Litfle  Lake  Harbor,”  Research  Report  No. 
1-1,  Lake  Survey  District,  Corps  of  Engineers,  Detroit,  MI. 

Sdnildt,  D.  A.  (1981).  “Grays  Harbw,  Washington,  prelimiiuuy  results  of 
surface^nttom  drifter  release  study,”  U.S.  Army  Engineer  District,  Seattle. 
WA. 

Schumadier,  J.  D.,  and  Korgen,  B.  J.  (1976).  “A  seabed  drifter  study  of  near- 
bottom  circulation  in  North  Carolina  shelf  waters,”  Estuarine  and  Coastal 
Marine  Science,  4,  207-214. 

Seim,  H.  E..  Kjerfve.  B.,  and  Sneed.  J.  E.  (1987).  “Tides  of  Mississippi  and 
adjacent  continental  shelf,”  Estuarine,  Coastal,  and  Shelf  Science,  25(2), 
143-156. 


Squire,  J.  L.  (1969).  “Observations  on  cumulative  bottom  drift  in  Mrmterey 
Bay  using  seabed  drifters,”  Limnology  and  Oceangraphy,  14, 163-167. 


Slenteii.  R.  W..  nd  Manden.  M.  A.  H.  (1979).  ‘‘Dyiwnics.  aediment  tnns- 
poit  tul  oMMpiioiogy  in  a  tide  dominaiBd  embayment.'*  Earth  Science  Fro- 
cesses.A,  117-139. 

U.S.  Anny  Engineer  District,  Savannah.  (1983).  inks  on  investigations  of 
Savannah  md  Bnmswick  Harbor  Diqnsal  Stes  (ui^ublished). 

Wiseman,  W.  J.,  Cokman,  J.  M.,  Gregory,  A..  Hsu,  S.  A.,  Short,  A.  D., 
Suhayda,  J.  N.,  Walters,  C  D.,  and  Wright,  L.  D.  (1973).  ‘‘Alaskan  Arctic 
coastal  processes  and  morphology,''  Technical  Report  149,  Coastal  Studies 
Institute,  Louisiana  State  University,  Baton  Rouge,  LA. 

Zirges,  M.  (1983).  “Bottom  current  patterns  over  shrimp  beds  off  Oregon 
determin^  fiotn  sea-bed  drifters  studies,“  Progress  Rqrort  Ckegon  Dept 
Fish.  &  Wildlife,  Marine  Region,  1-13. 


Appendix  A 

Rationale  for  Equations  Used 
to  Estimate  Wave-Driven 
Effects 


Etpution  1  represents  a  simplification  of  die  combined  effects  of  the  fol¬ 
lowing  processes  responsible  for  die  geneiatkm  of  longshore  currents  in  open- 
coast  areas: 

a.  Deqiwater  wave  generation. 

b.  Wave  transformations  from  deq)  water  to  the  surf  zone. 

c.  Transfer  of  momentum  fimn  the  wave  field  iido  mean  currents  within 
die  surf  zone. 

Locally  generated  deepwater  wave  hei^its  dqiend  on  not  oidy  wind  qieed 
but  also  stage  of  develqnienL  As  an  asynqXotic,  fiiUy-develqjed  limit,  sudi 
wave  heights  dqwnd  on  wind  qieed  squared  (Pierson  and  Moskowitz  1964).^ 
Before  this  limit  is  reached,  wave  hei^its  are  cmtndled  by  either  duradon  or 
fetch.  If  waves  are  fetdi  limited,  wave  hei^its  dqrend  on  the  square  root  of 
die  fetch  and  on  wind  qwed  to  the  first  power  (Hrisselmann  et  aL  19^.  If 
waves  are  duradon  limited,  wave  heights  vary  n^di  duradon  to  the  5/7"  power 
and  with  wind  qreed  to  the  4/3"*  power  (Resio  1981).  Thus,  given  that  storms 
of  similar  size  and  duration  characterisdcs  »e  repeated  from  year  to  year,  the 
deqiwater  wave  hei^its,  ,  could  be  expected  to  vary  as  (P  where  p  lies  in 
the  range  1  <  p  <  2. 

The  transformadon  of  wave  heights  from  deep  water  into  die  surf  zone  will 
depend  on  oonservadve  (refraction,  shoaling,  diffraction)  processes  and 
nonconservative  processes  (wave  breaking,  nonlinear  wave-wave  interactians, 
bottom  friction,  etc.),  bi  general,  diese  processes  caruiot  be  rquesented  as 
siiiqde  powo’  laws  of  wave  het^  however,  as  a  dimatological  average,  it  can 
be  assumed  here  dut  nearshore  wave  hei^its  tend  to  vary  approximately 


^  Rcbnoon  <****«t  in  this  mc  loctlsd  st  the  ***1  of  the  Ibu. 


AppondxA  Raiorain tor EquiSoM Uond 


Unearty  with  deqtwiler  wave  heighli.  Complete  calculatiom  of  wave  tnns- 
fonnations  indicate  that  fliis  assumption  is  reasonably  consistent  widi  transfor¬ 
mations  observed  in  nature  (Resio  1987.  1988).  Hence,  ,  udiere  is 

the  wave  hei^  at  the  edge  of  the  surf  zone. 

The  momentum  flux  info  the  surf  zone  per  unit  width  can  be  approximated 

as 

Mi.  -  C,  co8(6)  -  JiH*  co8(0)  sin(0) 

•  c 

where 

c  s  phase  qwed 
Cg  s  group  speed 

The  rate  of  transfer  of  this  momentum  per  unit  area  into  currents  scales  as 

tjn  ~  cos6  sinflAv 
where 

w  s  surf  zone  widfli 

The  rate  of  loss  of  momentum  per  unit  area  is  given  by 

X  C 
^our "" 

v^ch  will  form  a  balance  witti  ttre  ir^wt  \^)en 

Substituting  this  relaticHiship  into  die  relationships  given  in  the  two  previous 
paragrqrhs  recovers  Equation  1. 
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Appendix  B 
Notation 


A  CiosS'Sectioiul  area 

A^  Cross-sectional  area  along  the  cticumference  of  a  circle  with  radius  r 
c  Phase  qieed 

c;  Best-fit  coefficient 

C2  Best-fit  coefficient 

Group  speed 

g  Accderation  due  to  gravity 
Hj,  Breaker  hei^ 

Kj  This  constituent,  with  0^.  expresses  tiie  effect  of  the  mom’s  eclination 
and  accounts  for  tiie  diunul  inecpiality  of  the  tides 
m  Beadi  sl<^ 

It  Number  of  recoveries  during  the  first  15  days,  or  number  of  samples 
p  Exponent  dependent  on  sea  stale,  but  close  to  2  for  fully  developixl 
waves 

q  Exponent  approximately  equal  to  1 

Q  Vtdume  transit  rate 

r  Ratio  of  detenninistic  to  random  signals 

t  Time  (in  any  units)  after  ttie  release 

//  Elapsed  time  between  release  and  tiie  ftti  SBD  recoveiy 
U  Windspeed 

^wivM  Speed  of  longshore  fiow  outside  the  surf  zone  that  is  driven  by  the 
waves 

^windi  Speed  of  longshore  flow  driven  directly  by  tiie  winds 

btom  speed  of  the  flow 
Surf  zone  width 

Projection  of  the  i^  recovery  on  the  x-axis 
Location  of  the  appropriate  release  site  on  tiie  x-axis 

_  Mean  SBD  diqdacement  function 

6  Angle  between  wind  vector  and  shore  normal  with  positive  angles 
giving  a  positive  longshore  cmiponent  parallel  to  tiie  x-axis 
RMS  measure  of  die  random  ccmpment  of  SBD  dis|tiacement 
RMS  measure  of  tiie  deterministic  component  of  SBD  diqtiacement 
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B1 


Coefflcieat  of  proportionality  thtt  is  function  of  wtaid  as  given 
inFiguie  12 

GoefBcient  of  proportionality  that  is  function  of  wind  iQgle  as  given 
inHguie  12 

Propoitianality  coetBdent  that  is  function  of  wind  angle  as  given  in 

Equation  3 

Wave  breaker  angle 

Gondation  coefficient 
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Appendix  C 

Time  Series  of  Hindcast  Waves 


The  wave  hei^its,  periods,  and  directions  shown  in  this  appendix  are  die 
result  of  hindcasts  using  fairiy  rougli  paninetric  wind  fidds.  Hence,  aldiough 
the  wave  model  used  has  been  shown  to  be  quite  accurate  when  driven  by 
accurate  winds,  the  hindcast  waves  are  somewhat  itxigh.  In  order  to  improve 
the  accuracy  vriien  possitde,  all  measured  wave  hei^its  and  periods  vrere 
blended  into  the  hiiidcast  data  for  periods  in  which  they  were  availaUe.  All 
wave  directions  are  taken  ftom  die  hindcast  results.  In  these  figures,  wave 
heights  are  in  meters,  wave  periods  are  in  secmids,  and  wave  directions  are  in 
degrees  relative  to  shore  norinaL  Positive  angles  indicate  waves  approaching 
from  east  of  shore  normal. 


AppandxC  Tinw  S«iM  of  HMcmI  Wavw 


Cl 


Appendix  C  Time  Series  of  Hindcest  Weves 


Appondix  C  Time  Series  of  Hindcest  Weves 


J1»87  mVB  DZBBCTIOa 


JUL87  MAVE  DIKBCTIOM 


AU087  HAVE  DZRECTIOH 


Appendix  C  Time  Seriee  of  Hindcest  Weves 


C5 


Appendix  C  Tinw  Serict  of  Hindoaot  Waves 


Appendix  C  Time  Series  of  Hir>dcast  Waves 


Appendix  C  Time  Series  of  Hindcest  Weves 


C9 


Appet>dix  C  Tim«  Series  of  Hirxlcast  Waves 


.VB  DISBCTIOM 


DAYS 

HAVE  OZRECTZOH 


DAYS 


iVE  DZKECTZOW 


Appendix  C  Time  Series  of  Hindcest  Weves 


Jini88  lavs  DXSBCTZOS 


JUZ.88  HAVE  OZRBCSIOM 


AU088  WAVS  OIRECTION 


Appendix  C  Thtm  SeriM  of  Hindcast  WavM 


C13 


DBC88  M8VB  OXKBCTXOM 


10  IS  20  25 

DAYS 

JAM89  VnVE  DXRBCTIOM 


10  15  20  25 

DAYS 

FEB89  WAVE  DXRECTXOH 


10 


15 

DAYS 


20 


25 


Appendix  C  Time  Series  of  Hindcast  Waves 


C19 


Appendix  C  Time  Series  of  Hindcast  Waves 


Jini89  mvi  DXRSCTZOM 


JUL89  WAVE  OIRBCTKm 


Appendix  C  Time  Series  of  Hindcaet  Waves 


C21 


Appendix  D 

Time  Series  of  Hindcast  Wind 
Driven  Currents 


The  cunents  in  this  i^ipaidix  are  develqxd  from  the  apfdication  of  OCTI’s 
panmetric  cuntnt  model.  Winds  to  drive  the  model  are  taken  from  local  buoy 
meaauremems  whenever  possible.  In  cases  where  no  local  buoy  measurements 
were  available,  winds  were  estimated  from  weadier  nuq)  data  at  land  stations 
and  then  were  tiansfonned  to  represent  over  water  wind  speeds  and  directions. 
The  direction  of  cunent  vectors  are  in  degrees  clockwise  from  the  east  shore, 
ao  that  9(r  faidicales  a  current  heading  directly  onshore,  and  180°  indicates 
currents  going  alongshore  toward  die  east 
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Appendix  E 

Representation  of  Smoothed 
Recovery  Patterns 


A  smoothed  curve,  fit  to  the  initial  SBD  recoveries,  is  taken  as  a  measure 
of  die  deterministic  signal  fimn  the  central  cloud  of  SBD’s  returned  in  S-day 
segments.  Each  release  episode  has  been  treated  separately.  The  release  dates 
for  each  episode  are  in  Table  2.  The  elapsed  time,  shown  rni  the  horizontal 
axis,  was  rounded  to  ttie  nearest  day  before  the  figures  were  {dotted.  The 
rounding  and  the  scale  of  the  diqdacements  shown  on  the  vertical  axes  do  not 
interfere  with  the  fitting,  nor  do  they  {Mcvettt  inde()endent  visual  im{>ressions  of 
the  “randonmess”  of  the  observed  deviatians  from  these  trends.  These  gnqphi- 
cal  limitatkms  should  be  noted,  however,  because  die  snooothing  and  the  scde 
of  die  plots  result  in  many  si^rerposed  recovery  points.  If  uruecognized,  tnese 
siqioimposed  points  could  be  interpreted  as  indicating  fewer  recovery  {mints 
than  actually  existed  and  went  into  the  final  analysis. 
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Appendix  F 

Plots  Showing  Categorized 
Wind-Driven  and  Wave-Driven 
Effects 


The  categorized  effects  given  in  die  upper  left  of  eadi  plot  matdi  values  in 
Tables  6  and  7  of  the  lepoit  The  arrows  below  the  categories  indicate  the 
difectkm  of  wind-  or  wave-driven  motion.  The  elapsed  time,  shown  mi  the 
horizontal  axis,  was  rounded  to  the  nearest  day  before  the  figures  were  {dotted. 
This  rounding  and  the  scale  of  die  disjdacements  shown  on  the  vertical  axes  do 
not  affect  the  categorization  of  driving  forces  or  interfere  with  the  im()ression 
these  figures  {uovide  of  the  resixmse  to  die  sqiarate  forces.  These  gra{)liical 
limitations  riiould  be  noted,  however,  because  the  smoothing  and  scale  of  the 
[dots  do  result  in  many  supeiposed  recovery  points  vriiich,  if  unrecognized, 
could  give  a  false  im[)ression  of  fewer  data  {wiitts  than  actually  went  into  die 
analysis.  The  contingency  talde  in  C!ha{)ter  6  comldnes  and  summarizes  the 
results  from  all  the  first  19  SBD  release  eidsodes. 
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mean  and  random  components  of  displacement  to  improve  predictions  of  the  likely  fate  of  bottom  materials.  Better  predic¬ 
tions  can  help  maximize  beneficial  uses  for  dredged  materials  and  minimize  adverse  effects  ftom  accidental  ocean  discharges 
that  may  be  unrelated  to  dredging.  (Continued) 
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13.  (Condudad). 


Procedures  and  analysis  techniques  proposed  here  are  illustrated  using  SRD  data  obtained  in  Corps  studies  of 
areas  off  the  Alabama  and  North  Carolina  coasts.  Recommendations  include  continued  im|»ovement  of  interpreta¬ 
tion  and  experiment  design  guidance,  adding  SBD’s  to  all  iq)]MX>priate  coastal  monitoring  efforts,  and  evaluating 
modifications  to  the  SBD’s  that  could  make  them  respond  more  like  sediment. 


